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ABSTRACT

Ordovician and Mississippiancarbonate rocks
outcropping in a belt along the eastern flank of the
Ozark uplift in southeastern Missouri have been
intensly karstified. Perry County lies roughly in the
center of this karst belt and contains more than 576
known caves, most of them in several large sinkhole
plains underlain by the middle Ordovician Plattin
Formation andJoachim Dolomite. The cityof Perl)'Ville
(population 7,343) liesalong the southern edge of the
Perryville sinkhole plain. Most of the city plus and
adjoining area of 16 mi2is internally drained through
sinkholes and extensive cave systems.

The city of Perryville no longer uses the karst
drainage system for sewage disposal, but still relies on
it for stormwater disposal. Vertical pipes with trash
racks, installed in numerous sinkholes in the city to
keep the throats of the sinks open, allow runoff from
storms to enter the subsurface more rapidly and
decrease local sinkhole flooding. To facilitate drain-
age, runoff entering slow-draining sinkholes is chan-
neled to more open sinks. A hydrogeologic study was
undertaken to determine recharge areas of local
springs, to help avoid changing recharge patterns by
diverting storm runoff from the recharge area of one
spring to that of another, and to be able to predict the
effects of hazardous-material spills in the karst area.

Numerous springs and karst resurgences occur
along the two major surface drainages bounding the
Perryville sinkhole plain, Blue Spring Branch and

Cinque Hommes Creek. and are recharged from the
sinkhole plain. Groundwater outflow comes from
two types of outlets: springs, which are generally
perennial and discharge cave stream base flows, and
karst resurgences, which are overflow outlets of cave
streams and typicallyfunction only after intense pre-
cipitation. Spring discharges vary greatly, depending
on local precipitation. A given spring may have peak
discharges 100times greater than low-flow discharges.

Fluorescein and Rhodamine WT dyes were
used to help define recharge areas of local springs. A
scanning spectrofluorometer used for dye detection
reduced interference from extraneous fluorescent
materials and allowed simultaneous use of two fluo-

rescent tracing agents. Twenty dye traces, with
injection points in a 2 mi2area in and directly adjacent
to Perryville, revealed the groundwater system to be
complex, with recharge areas being controlled bythe
locations of major cavesystems and recharge amounts.
Dye introduced at a given point may exit from three
or more widely separated springs and resurgences.
Dye tracing, potentiometric maps, spring discharge
measurements, water quality data, and cave maps
were used to define recharge areas for nine springs.
and karst resurgences. Major cave systems proved
prominent incontrolling directions of shallowground-
water movement. Rates of groundwater movement
varied with precipitation, with rates exceeding 4 miles
per day (milday) during peak recharge periods.

INTRODUCTION

Perry County is 70 mi southeast of St. Louis,
Missouri, adjacent to the MississippiRiver, on the
eastern flank of the Ozark uplift (fig. I). The western
part of the county is underlain primarily by lower
Ordovician sedimentary rocks. Extreme eastern
Perry County is occupied by the Mississippi River
flood plain,which varies from about 4 miwide inPerry
County, north of Perryville,to complete absence east
of Perryville where the river follows the bluff line.
Middle Ordovician and younger rocks form the bed-
rock surface in Perry County east of Interstate 55,
whic;hroughly follOW$the outc;rop belt of the middle
Ordovician St. Peter Sandstone.

The Perl)'Ville karst area, study area for this
report, isbounded bythe St. Peter Sandstone outcrop
belt to the southwest, Blue Spring Branch to the
northwest, Cinque Hommes Creek to the southeast,
and the eastward limitof extensive sinkhole develop-
ment to the northeast.

Much of Perry County east of Interstate 55 is
intensely karstified. The surface contains thousands
of sinkholes rangingfrom a few feet to nearly a mile
in diameter and a few feet to over 100ft deep. This
sinkholedevelopment isnot confinedto Perry Countyi
from St. Louis to Cape Girardeau, large areas have
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similar sinkhole development. These sinkhole plains.
often several square miles in area. are internally
drained through cave systems that recharge local
springs and resurgences. Thus, any substance enter-
ing sinkholes in the karst areas can be expected to
travel rapidly through the subsurface to a spring or
karst resurgence.

The city of Perryville (population 7.343, 1980
census) once used the sinkholes inthe cityfor disposal
of sewage and stormwater runoff. Today, sewer lines
have replaced sinkhole sewage drainage in most of the
city, but the karst groundwater system is still
relied on for stormwater drainage. Manysinkholes
inPerryvillehavebeen modifiedto enhance stormwater
drainage. Vertical inlet pipes have been placed in
many to allow water to enter the underlying conduit
systems more easilyand to help lessen local sinkhole
flooding. In two major areas. water from poorly
drained areas is channelled to more open sinkholes.
Despite these efforts. some areas of Perryvilleare still
subject to local flooding after major precipitation.
Several city construction projects are underway
to improve drainage in areas that suffer from
sinkhole flooding.

In 1956, when the Misso~!i G~ologi~I_~urveL
(now the Department-o(Natural Resources. Division
of Geology and land Survey) published CAVES OF
MISSOURI.author JHarlen Bretz, a well-known geo-
morphologist. described only four named caves in
the county and had reports of a few unnamed caves.
Today. 576 caveshave been recorded in Perry County.
They range from rock shelters only a few feet deep to
complex systems many miles long. Four major caves
in Perry County contain a total of more than 70 mi of
mapped passage. With more than 27 mi of mapped
passage, Crevice Cave. east of Perryville, isone of the
20 longest cavesinthe country. .

The city of Perryville is on the southern edge of
the Perryville sinkhole plain.an area containing more
than 16 square miles (mi2) of continuous internal
drainage. No surface streams leave this 16-mi2area.
In some areas of Missouri. caves are viewed as
curiosities, but in Perry County they are critical

Introduction

segments of the drainage system. performing the
function of surface streams elsewhere.

Previous Work

Perry County has not received extensive geo-
logicor hydrologic attention. Fuller (1925) described,
in general. the geology of the area, paying special
attention to stratigraphy. structure. paleontology,
and mineral resources. He also discussed the geo-
morphology. includingthe karst areas and the signifi-
cance of the sinkholes and disappearing streams
(Fuller. 1925, p. 16-19). Bretz (1956. p. 363-365)
described four known caves in Perry County but
observed. based on the extensive sinkhole areas. that
"There is an unsolved problem in cave histories in
Perry County." Vineyard and Feder (1974, p. 244-
246) described the karst resurgences, or intermittent
springs, along Blue Spring Branch and discussed the
potential for other such springs, or resurgences. in
the Perryville area. The view of Vineyard and Feder
(1974. p. 246) was "There are doubtless many other
resurgences similar to those described here, particu-
larly in the karst areas near Perryville." Weaver and
Johnson ( 1980,p. 119-120) present a brief history of
caving in Perry County and describe a few of the
largE!r_CCl.ve_s.They also IJQ~e_tb~stor/TI-cunoff drain-
age problems in Perryville.

Beginning in the mid- I950s. organized cave
study and exploration began gainingpopularity among
biologists, geologists (both students and profession-
als), and adventurers in general. "Spelunking" has
evolved into a scientific discipline (speleology), and a
number of organized cavinggroups have been formed
across the Ozarks and elsewhere in the country.
Cavers first revealed the true complexity of the Perry
County karst. Crevice Cave. longest known cave in
Perry County and Missouri. was first entered about
1960 and is now known to contain over 27 mi of

mapped passage but still not fully mapped or ex-
plored. Cavers working in the Perryville area for the
past 25 years are responsible for much available
information concerning subsurface drainage patterns.
Their work continues; new caves are discovered
regularly and mapping continues in known caves.

3



MOVEMENTOF SHALLOW GROUNDWATER
IN THE PERRYVILLEKARSTAREA

ACKNOWLEDGMENTS

Though this report bears the name of only one
author, the efforts of a number of people contributed
greatly to the project's success. Don Meier, geologist,
was employed bythe Missouri Department of Natural
Resources' Division of Geology and Land Survey
through the first year of the study. He contributed
greatly to early field work and the dye tracing pro-
gram. Cynthia Endicott joined the project as a
geological technician inSeptember 1984,aidingindata
compilation, field work, and final report preparation.
The 1993 edition was revamped by Susan C. Dunn.

The efforts of Kent Bratton and the staff at the
Southeast Missouri Regional Planning Commission
are sincerely appreciated. Mr. Bratton could always
be counted on to provide accurate observations on
rainfall conditions, runoff, spring response times, and
other data which contrubuted to the overall under-

standing of the groundwater system. Special thanks
go to the city of Perryville for supporting the project
with material and personnel assistance. Credit also
goes to Gregory (Tex) Yokum, Mark Oliver, Jeff
Rothgeb, Mark (Fish) Brooks, and the other cavers
who have tirelessly worked the Perryville karst area
for more than 20 years. Their contributions are
greatly appreciated and it is hoped their fine work
continues.

Iam most appreciative of Bob Schumer, Building
Inspector for the city of Perryville. Bob had the
thankless task of collecting the hundreds of dye
collection packets placed at springs. While working
on this project, he came to understand the geology
and shallow groundwater system of the area. Manyof
his thoughts and observations contributed to success
of this project.

Special thanks go to the caving organizations
and individualswho permitted the reproduction of
their cave maps in this report. The map of Crevice

..

Cave (1977) was drafted by Paul D. Hauck and
surveyed by Paul D. Hauck, B.R. Knox, Osburn,
Wilson, Matherne, Grither, Palmer, Emmendorfer,
Seibert, House, and Baughn of Southeast Missouri
State University Grotto, with the help of Little Egypt
Student Grotto. KlumpCave (1973) was surveyed by
Don Coons, Steve Bishop, Bob Heider, Dale Alyea,
Alexia Cochrane, Judy Malkames, April Quehl, Dave
Ryan, Gary Schaecher, and Joe Slivinskiof the Little
Egypt Student Grotto, with additions by E.L.Kern,
Department of Earth Science, Southeast Missouri
State University. The Map of Mertz Cave (1974) was
drafted by Don Coons and surveyed by the Little
Egypt Student Grotto. The map of Zahner Cave
(1978) was drafted by Rick Frowein and surveyed by
Jeanice Bleem,Steve Boehm,John Darin, RickFrowein,
Dave Letourneau, Mark Oliver, Loyd Spicer, Tom
Zansius,and others of the LittleEgyptStudent Grotto.
The map of the Moore Cave System (1980), Tex
Yokum, Project Director, was drafted by Paul Hauck
and surveyed by LangBrod, Dr. Harry Walker, Lester
Ambuehl, L. Spicer, J. Saberton, A. Clark, T. Hersch,
D. Drum, R. Oesch, J. Yokum, T. Steinke, A. Steinke,
S.House, and many others. Streiler City Cave ( 1984)
was surveyed by Tex Yokum, Mark Oliver, Mark
Brooks, Jeff Rothgeb, SandyTrembley, Pam Saberton,
Jerry Saberton, Alice Burgdorf, Jim Donnley, and
Claire Betz; Tex Yokum was Project Director. Wa-
ters Street Cave ( 1984)was surveyed by Mark Oliver,
PamBurns,Jerry Saberton,Jeff Rothgeb, MarkBrooks,
Alice Burgdorf, and SandyTrembley; Tex Yokumwas
Project Director. The cave outlines shown infig.2are
from an overlay prepared by Tex Yokum.

Finally,I thank the residents of the Perryville
area. In 22 months of field work, Ifailed to meet one
person who was not friendly and appreciative of our
work. I, in turn, appreciate their cooperation and
understanding.



Purpose and Methodology

PURPOSE AND METHODOLOGY

The purpose of this study was to determine
directions of movement of water entering the shallow
groundwater system in and immediately adjacent to
Perryville. Initially,little information existed concern-
ing the discharge sites of the karst drainage systems,
so extensive field work was required to determine
locations of springs and karst resurgences. Beginning
inJanuary 1983,allsurface streams boundingthe karst
area were examined. Specifically,Cinque Hommes
Creek, upstream from sec. 2, T. 35 N., R. II E.,to its
confluence with SpringBranch, SpringBranch through
itsentire length, Dry RunBranchfrom Cinque Hommes
Creek to its headwaters, Blue Spring Branch from
Lithium to Brewer, and selected southern tributaries
of Huber Branch. Along with the major drainages,
each minor valley draining into it was investigated
upstream to the upland areas. All springs and resur-
gences found were noted. No formal names existed
for many of the springs, resurgences, and other karst
features; for identification, these were named by the
investigators. Local names may exist for some of
these and we apologize for inadvertently renaming
any of them.

Fluorescent dyes were used to trace water
entering the ground, to springs or resurgences where
the water reappeared. The dyes were injected at.
points of known karst groundwater recharge, such as
sinkholes, swallow holes in stream channels, and cave
streams, and later were collected using activated
charcoal packets placed in springs, resurgences, and
streams. Dye content was determined by using a
spectrofluorometer.

Limited water quality and flow data were col-
lected at major springs and resurgences to aid in
definingthe areas contributing water to each ground-
water outflow point.

Physiography

Topography of the study area is gently rolling,
with very few surface streams providing drainage.
The few surface streams bound the sinkhole plain
where drainage is through cave systems. Surface
elevations vary from about 380 ft above mean sea

level along lower Cinque Hommes Creek, to about
640 feet just northwest of Perryville. Relief isgener-
ally low except along the major surface drainages
boundingthe study area. A major portion of the study
area, includingmost of the city,of Perryville, is char-
acterized by numerous shallow sinkholes and a few
collapse sinkholes. The Perryville sinkhole plain,
defined as the area of continuous sinkhole drainage in
and adjacent to Perryville, covers more than 16 mi2
and isunderlain by several major cave systems, includ-
ing the Moore Cave System, with more than 17mi of
passage; Crevice Cave with more than 27 mi of
mapped passage; Mertz Cave, with about 1.8 mi of
mapped passage;and Zahner Cave, with about 1.9mi
of mapped passage. Many other smaller caves are
hydraulicallyconnected to these major systems.

Figure2 shows a singlesurface stream, Dry Run
Branch, partially bisecting the Perryville karst area.
The U.S. Geological Survey 7.5-minute topographic
map of the area, which has a contour interval of 20 ft,
shows Dry Run Branch as a normal surface stream.
However, field work has shown the stream to be
more intimatelyassociated with subsurface than sur-
facedrainage..

The Perryvillesinkhole plain is principallydevel-
oped in the Joachim Dolomite but also includes an
area underlain by the Plattin Formation. Most cave
development is in the Joachim. At one time, at least,
the area of continuous sinkhole development prob-
ably extended northeast beyond the present bound-
aries of the karst area. Manyisolated sinkhole areas
are found between the major karst area and the
Mississippi River. Headward erosion of surface
streams, such as Huber Branch, McClannahan Branch,
Streile Branch, and other drainages east and north of
the sinkhole plain,have possibly obliterated the older
karst surface. Manymore shallow sinkholes are in the
area than are shown on the topographic maps with
20-ft contour intervals.

Sinkhole plain development in the Perryville
karst extends northwest and southeast along the
MississippiRiver, from St. Louis to Cape Girardeau.
The sinkhole areas are generally breached every few
miles by major easterly flowing surface streams.

5
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Geology of the Study Area

The study area is on the east flank of the Ozark
uplift and is underlain by middle Ordovician or older
rocks. The basal rock unit exposed in the area is the
St. Peter Sandstone, a fine- to medium-grained quart-
zose sandstone, about 60 to 200 ft thick, which crops
out along the southwestern part of the study area and
is well exposed in the southern part of Perryville.
Where exposed, the St. Peter isgenerally brown with
a case-hardened surface. This sandstone unit essen-
tiallyforms the base of karst development inthe study
area.

The Joachim Dolomite unconformably overlies
the St. Peter and forms the bedrock surface through-
out the central part of the study area. It is best
exposed alongvalleywalls of most of the area streams.
The unit is a yellow-brown silty dolomite containing
limestone interbeds and minor shale; it has relatively
little chert, and some sand beds near its base. A
stratigraphic unit no longer formally recognized in the
study area bythe Divisionof Geology and LandSurvey
is the Rock Levee Formation. originally defined as
includingthe upper part of the Joachim and the lower
part of the Plattin Formation. The boundaries were
based on insoluble residues, not lithology. The Rock
Levee is now formally included in the Joachim dolo-
mite, which is about 250 ft thick in the study area.

The Plattin Formation forms the bedrock sur-

face throughout the northeastern part of the study
area. The unit is gray to dark-gray, finelycrystalline
to sublithographic limestone with minor shale beds;
the limestone generally exhibits conchoidal fracture.
The Plattin reaches a maximum thickness of about
350 ft in the area. Both the Joachim Dolomite and
Plattin Formation thicken to the southeast.

Though the Plattin is the youngest unit exposed
in the study area, a few miles east of the study area

Purpose and Methodology

extensive faulting has brought Mississippianrocks to
the surface, where they abut middle Ordovician
rocks. Figure 3 is a geologic map of the study area.

The upland surfaces have a significant cover of
up to about 30 ft of Pleistocene loess, originally a
wind-blown silt, primarily derived from the Missis-
sippi River flood plain. Loess is easily eroded from
tilled farmland and contributes greatly to the sedi-
ment load of area streams and springs. Springs and
resurgences, after heavy rain, flow muddy due to
excessive suspended sediments.

The study area is on the eastern flank of the
Ozark uplift. The bedrock generally dips northeast at
about 100ftImi or slightly less. The bedrock surface
is somewhat undulating, so dip is not constant. Struc-
tural relief across the study area is about 600 ft.
Structure contour maps drawn on two datums, the
base of the Plattin Formation and the base of the

Joachim Dolomite, show no major geologic struc-
tures in the study area (figs.3 and 4). The map drawn
on the base of the Joachim, however, does show a
north-trending, north-plunging, mildly asymmetric
anticline between Highway51 and BlueSpring Branch.
This structure isbetween the Moore Cave system and
Crevice Cave and may partly control groundwater
movement inthe area of the anticline. The map drawn
on the base of the Plattin Formation. however, does
not show the structure extending into the Plattin.

Just northeast of the study area, along the
bluffs of the MississippiRiver, are a series of north-
west-trending faults with up to several hundred feet
of vertical displacement. This segment of the Ste.
Genevieve fault system isthe major structural feature
of the area but does not directly bear on groundwater
movement in the study area. Other minor folds and
faults probably exist in the study area, but subsurface
data-control points are too sparse to identify them.
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DESCRIPTION OF KARST FEATURES

No area in Missouri contains more extensive

karst development than the Perryville karst area.
Within it are a number of specific karst features that
must be understood to picture clearly the function of
the karst drainage system. It is unnecessary to
describe each sinkhole and cave, but a general under-
standing of sinkholes and caves is needed to appreci-
ate their role in the karst drainage system. The
sinkholes are most significant when considered col-
lectively. Some caves are paramount in subsurface
drainage, but others are not current groundwater
flow routes.

locations of the karst features discussed are

given by longitude and latitude. A portion of the area
was originally divided by Spanish land grants and
cannot be accurately identified by section, township,
and range. Figure 5 shows locations of the karst
features discussed. Unless noted, those described are
privately owned; permission should be obtained from
owners before attempting to visit them. All of the
caves in the Perryville karst are privately owned.
Visiting them without permission is trespassing, and
jeopardizes landowner-caver relationships. Those
wishing to visit the caves are encouraged to contact
the Missouri Speleological Survey c/o the Missouri
Department of Natural Resources' Divisionof Geol-
ogy and land Survey, P.O. Box 250, Rolla,MO 6540 I.

Some definition, or at least explanation, of
terms used to describe karst features are necessary.
The terms springand resurgenceare commonlyused
synonymously in karst areas. Generally, springimplies
a natural opening from which groundwater flows
from the subsurface. Springs normally have a sus-
tained base flow. Though spring flows decrease
during dry weather, most springs do not cease to flow
except, perhaps, during extreme droughts. The term
resurgence is used several ways. Most correctly, it is
the risingof an underground stream. In Europe, it is
reserved for the emergence of a cave stream that
earlier sank upstream (Monroe, 1970,p. K-14). Inthe
study area, the term is used for springs which are
characteristically intermittent; they function only af-
ter precipitation, and during dry weather, cease
flowing. Few springs in the study area discharge water
during very dry weather.

Caves are well-known features, and few people
have not at some time entered one. Commercial or

show caves are common in Missouri and many other
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states. In brief, most caves are formed by dissolution
of soluble rock. Slightlyacidicgroundwater, provided
by rainfallthat has combined with carbon dioxide to
form a weak carbonic acid solution, and becoming
even more acidic by mixingwith carbon dioxide and
acids in the soil, moves through and dissolves the
soluble bedrock, each drop removinga minute amount
of rock. This initial solution occurs below the water
table. where the rock is saturated. later in the cave's
history, after the subsurface drainage system has been
established and the position of the water table low-
ered by base level lowering. water flowing through
the cave system en route to springs and resurgences
will further erode the bedrock passages, altering the
original shape of the wall rock.

Two major cave systems drain the Perryville
karst area. These are both complex systems with
numerous passages, some providing avenues for
groundwater, others being dry. Dry passages may be
former water passages that, due to deepening of the
cave systems, no longer channel groundwater to
springs and resurgences.

Sinkholes, topographic depressions formed by
subsurface removal of soil and rock, are the primary
collectors of water entering the karst groundwater
system in the Perryville karst area. In the study area
they are characteristically broad, shallow depres-
sions, several times wider than deep, and of low
vertical relief. Some contain a ponor, or open throat,
leading into a cave or solution-enlarged openings
providing drainage. Collapse sinkholes, often as deep
as wide, or deeper, with vertical.or subvertical sides
are more rare. The two types of sinks vary not only
in appearance, but often develop differently. All sinks
do not form catastrophically by collapse. They may
originate by upward stoping as soil materials are
removed by water moving through. smaller cave
passages or solution enlarged fractures. The initial
sinkhole develops when the soil roof can no longer
support its own weight and subsides, thereby leaving
a vertical or bell-shaped pit developed mostly or
entirely in soil materials. Subsequent erosion of side
materials soon forms the cone-shaped sinkhole. A
collapse sink, on the other hand, may be caused by
collapse of a cave ceiling in a large room or at the
intersection of several cave passages, leaving a sink
that contains bedrock as a portion of the walls. In
either case, the resulting depression is a natUral trap
for water fallingin its boundaries.
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MOVEMENTOF SHALLOW GROUNDWATER
IN THE PERRYVILLEKARSTAREA

Much of the Perryville sinkhole plain consists of
uvalas,largedepressions containinga number of smaller
individualsinkholes. Only a few of these are obviouson
7.S-minute topographic maps of the area, but on the
more detailedI:2400-scaletopographicmapsofPerryville,
drawn on 4-ft contour intervals, many valleysinks, or
linear arrangements of sinkholes,are present.

Losing streams are another type of recharge
feature of karst terrain. Basically,a losing stream is

one which channels a significant amount of its flow
from the surface into the subsurface. The water loss

may occur at a single point or over a longer reach of
the stream. The zone of water loss may be obvious,
a swallow hole or swallet developed in bedrock, or a
sinkhole in the stream channel, or it may be well
disguised, such as solution-enlarged fractures be-
neath a gravel streambed. In either case, the features
serve as recharge mechanisms for groundwater.

KARST FEATURES ALONG CINQUE HOMMES
CREEK

A number of springs and resurgences are devel-
oped along or drain into Cinque Hommes Creek, but
only the features on the northern side of the creek
are discussed in this report. On the south side are a
number of resurgences that discharge large amounts
of water during wet weather, but these are associated
with cavesystems and surface karst south of the study
area.

Mertz Resurgence
(37°44'06" N, 89°48'36" W)

Mertz Resurgence, also known as Sutterer
Spring. is the most conspicuous groundwater dis-
charge point along Cinque Hommes Creek (fig. 6).
The water emerges from a cave opening at the base
of a bluff 100 ft high. The spring and bluff are
developed inJoachimFormation; the PlattinFormation
isexposed at the top of the hilloverlooking the spring.
The emerging water has carved a channel some 20 ft
wide and nearly 9 ft deep in fine-grained flood plain
sediments. The cave behind the spring can be entered
for about 100ft where the stream siphons and the
passage is completely water filled. Drainage from
Mertz Cave and Crevice Cave exit from the spring.

Doc White Spring
(37°43'54" N, 89°49'52" W).

Doc White Spring is upstream from Mertz
Resurgence, in the upper watershed of an unnamed
tributary of Cinque Hommes Creek. The spring has
not been mentioned in published reports. The water
rises from the base of a low bluffofJoachim Dolomite,
from what apparently was once a cave passage.
Breakdown and other debris have choked the en-
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trance, allowingwater to escape but foilingattempts
at human entry. Contrary to its name, Doc White
Spring is not perennial; flow ceases during extended
periods of dry weather (fig.7). More fascinating than
the spring itself is the geomorphology of the immedi-
ate setting. The area near the spring and a part of the
spring branch appear to be collapsed cave. A bedrock
pillar, some hundred feet in diameter, lOft high, and
only a few feet from the spring, is interpreted as a
remnant of cave wall between intersecting cave pas-
sages (fig.8). At the base of the pillar, on the spring
side, is a small, vertical-sided sinkhole about 4 ft in
diameter and depth. Even after the spring stops
flowing in dry weather, water continues to flow
through .the bedding-plane opening at the base of the
sink,a circumstance indicatingthat the spring opening
maybe an upper leveloutlet for a cave stream, not the
ultimate discharge point of a karst drainage system. In
September 1984,during dry weather, a backhoe was
used to remove debris blocking the spring opening. It
was discovered that the spring rises through an
opening at the end of an oblong room about 20 ft long
and 8 ft wide. Along one side of the room, water is
about Sft deep but along the opposite side, it ismuch
deeper and presumably rises along that wall.

Hog Pen Spring
(37°42'56" N, 89°49'49" W)

Hog Pen Spring is developed in Joachim
Dolomite, in a hillside along the northwest side of
Cinque Hommes Creek, about 1200 ft downstream
of the Highway 61 bridge. The spring consists of
multiple bedding-plane openings, all too small for
human entry (fig. 9). During dry w@ather,only the
lower two openings discharge water, but after major



Karst Features Along
Cinque Hommes Creek

Figure 6 -- Mertz Resurgence during low-flow conditions.

13



--;;~.J¥.

Figure 7 -- Doc White Spring aher debris blocking the entrance was removed (7A). The spring begins discharging
within a few hours aher moderate or heavy rainfall (76).

MOVEMENTOF SHAllOW GROUNDWATER
IN THE PERRYVlllE KARSTAREA

storms, large volumes of water discharge from sev-
eral openings about 20 ft above and a short distance
northeast of the low flow openings.

Quarry Spring
(37°42'56" N, 89°50' 16" W)

Quarry Spring rises in a small tributary of
Cinque Hommes Creek, just east of the county
quarry, which is in Joachim Dolomite. Springflow is
generally small, but the meager base flow is well
sustained.

Clubhouse Resurgence
(37°43'07" N, 89°52'06" W)

This resurgence, in a smallvalleydrainingonly a
few acres on the south side of Perryville,was discov-
ered during the dye-tracing program when dye from
a trace was detected in SpringBranch downstream of
the valley but not upstream. The resurgence, devel-
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oped at the St.Peter Sandstone-Joachim Dolomite
contact, has a low, but well-sustained, base flow but
after heavyrainfall,discharageincreases greatly. Water
flows from several solution-enlarged bedding-plane
openings in the side of the hill and valleyfloor. The
sporadic discharge characteristics indicate a limited
recharge area.

Spring Branch Spring
(37°42'59" N, 89°52' 19" W)

Spring Branch Spring flows from a bedding-
plane opening adjacent to the channel of Spring
Branch, about 700 ft upstream from the Kiefner
Street bridge. The spring issmallcompared to others _

in the study area and is difficultto measure, due to its
proximity to the creek. Observations during this
study indicate that the spring normally has very low
discharge and stops flowing during periods of low
rainfall; it probably has a very small recharge area.



Karst Features Along
Dry Run Branch

Figure 8 --View toward the northeast, of Doc White Spring. The spring flows from the low bluff on the left.
The cave-passage collapse exposing the spring left the bedrock pillar (right-center) and pirated a small surface

stream. The original stream channel follows the field road (center).

KARST FEATURES ALONG DRY RUN BRANCH

A number of karst features along Dry Run
Branch are directly related to shallow groundwater
recharge and discharge. Dry Run Branch is the only
surface stream which extends any significantdistance
into the Perryville sinkhole plain; it is bounded by
uplands marked with sinkholes. Though topographic
maps show no sinkholes along the creek. numerous
sinks are developed in the flood plain upstream from
Highway 51 and in a few places downstream from
Route E. A number of sinkholes and losing stream
segments occur along Dry Run Branch

Heberlie Resurgence
(37°43'46" N, 89°51 '04" W)

Heberlie Resurgence isan intermittent spring in
a subdivision near the end of St. Augustine Street. in
th~ ~3!t~rn part of P~rryvill~.Th~r~surgenc~canno
longer be seen; a vertical rise pipe equipped with an

inclined corrugated steel tube drains water from the
resurgence to Dry Run Branch. about 200 ft away (fig
10). Observations during this study. by Bob Schumer.
BuildingInspector. cityof Perryville.and Kent Bratton.
Southeast Missouri Regional Planning Commission.
indicate that the resurgence begins functioning about
an hour after moderately heavy precipitation. The
resurgence has been viewed discharging about 30
gallons per minute (gpm) after a 2-hour rainstorm but
higher flows probably occur after extremely heavy
precipitation. The resurgence stops dischargingwithin
about a day after precipitation ends.

Circle Drive Resurgence
(37°44'04" N, 89°51 '58" W)

Circle Drive Resurgence. more accurately
termed an estavelle.or reversible sinkhole. is be-
tween Highway61and Circle Driveinthe north part

15
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Figure 9 --Hog Pen Spring after heavy rainfall.

of Perryville. During dry weather. the resurgence
appears simply to be a cave entrance some 3 ft high
and 8 ft wide developed inJoachim Dolomite. After
lesser rainfall events. surface water draining into the
resurgence channel from the area around it flows into
the cave. During periods of heavy rainfall, the flow
reverses and large amounts of water are channeled
out of the cave for brief periods. generally only a day
or two. before the cave ceases functioning as a spring
(fig. II).

Dry Run Branch Estavelle
(37°44'02" N, 89°51'47" W)

This feature. about 200 ft upstream from
Highway 51. is a sinkhole developed in the channel of
Dry Run Branch. The sink isnot well defined. because
alluvialgravel fillsit. It functions somewhat differently
than a sinkhole. Muchof the time. the hole interc;epts
the flow of Dry Run Branch and channels it into the
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subsurface. The amount of water the feature is

capable of handling before water flows past is not
known. but flows exceeding 100 gpm have been
observed disappearing into the subsurface. Aftervery
heavy rainfall,however. the estavelle discharges wa-
ter. In September 1984.when the estavelle was first
observed discharging water. several cubic feet of
water per second were rising from the bottom of the
creek and from holes along the banks. Streambanks
up- and downstream from the sinkhole inthe channel
have been altered by recent sinkhole collapses.

Dry Run Branch downstream of Highway E
flows directly on bedrock much of its course. There
are several places where flow ends in shallow.gravel-
floored pools. Downstream from the losing zones
the creek is dry until more flow is added from small
springs adjacent to the creek. This cycle is repeated
several times before Dry Run Branch intersects
Cinque Hommes Creek.
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Dry Run Branch

Figure IOn Herberlie Resurgence discharges through an inclined tube linked to a vertical rise pipe (upper center).

17

-



MOVEMENT OF SHALLOW GROUNDWATER
IN THE PERRYVILLE KARST AREA

Figure II -- Circle Drive Resurgence is normally dry (II A). After light precipitation. water flows into the
cave. After heavy rainfall (II B). the resurgence discharges large quantities of stormwater runoff from the

northwestern part of Perryville.
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Karst Features Along
Blue Spring Branch

KARST FEATURES ALONG BLUE SPRING BRANCH

Blue Spring Branch forms the western bound-
. aryof the studyarea and developedalongits eastern

bluff line are a series of unique karst features that
were first described by Vineyard and Feder (1974, p.
244-246). Downstream from Perry County Road 914
are several perennial springs and intermittent resur-
gences. The springs have relatively well-sustained.
base flows, though in dry weather they diminish
greatly. The resurgences are physicallydifferent from
the springs and serve as overflow outlets for the karst
groundwater system.

Blue Spring and Blue Spring
Resurgence

(37°48'09" N, 89°53'42" W)

These two features are less than 500 ft down-
stream from Perry County Road 914 on the east side
of Blue Spring Branch. Blue Spring is developed in
Joachim Dolomite at the base of a short bluff. Water
flows from a solution-enlarged bedding plane opening
partly filled with breakdown rubble. Gregory J.
Yokum ( 1980,written comm.) has shown BlueSpring
to be the risingof the cave stream of the Moore Cave
System (fig. 12). Blue SpringResurgence, immediately
upstream of Blue Spring, is a high-water overflow
outlet of the Moore Cave System. When the dis-
charge capacity of lower Berome Moore Cave, or
Blue Spring, is exceeded by recharge, Blue Spring
Resurgence begins functioning. In flood stage, water
issues from the 20-ft-diameter 5-ft-deep rise pit and
flows past Blue Spring to nearby Blue Spring Branch.
Blue Spring Resurgence, like all karst resurgences
along Blue Spring Branch, functions only briefly after
heavy precipitation, until the excess water is chan-
neled out of the cave system and BlueSpringcan again
accommodate the flow. Four hundred feet down-

stream of Blue Spring is another resurgence, Keyhole
Resurgence, a karst water discharge point that is also
a high-flow outlet of the karst drainage system.

Sixhundred feet further downstream, Keyhole
Spring rises from a small circular basin in the flood
plain of Blue Spring Branch. Water rising from the
sand-bottomed pool flows down a narrow spring
branch to BlueSpring Branch. The hydrologic signifi-
cance of Keyhole Springand Keyhole Resurgence has
not been determined by dye tracing. Keyhole Resur-
gence may be related to drainage of the Moore Cave
System, but it seems unlikely that Keyhole Spring is.
One or both features probably receive recharge from
the sinkhole plain east of the Moore Cave System.

Ball Mill Resurgence and Ball Mill
Spring

(37°48'48" N, 89°53'21" W)

Certainly the most striking karst resurgence
associated with the Perryville karst area is Ball Mill
Resurgence. The feature lies at the base of a 4O-ft
bluffofJoachim Dolomite, several hundred feet south
of Blue Spring Branch (fig. 13). The rise basin, some
20 ft in diameter and 8 ft deep, is empty of water,
except after very heavy precipitation, and is floored
with well-rounded cobbles, the product of the natural
millingof rocks striking each other when flood water
rushes upward through the cobbles flooring the basin.
Fresh rock falling from the bluff above the spring
keeps the mill supplied with abrasives and raw mate-
rials. The very brief functioning of the resurgence
after heavy precipita~ion indicates that its recharge
area isfairly smallbut very open and interconnected.
This feature is owned by the L.A.D. Foundation and
managed by the Missouri Department o( Conserva-
tion. BallMillSpring,a smallspring a few hundred feet
north of BallMillResurgence, may discharge the base
flow of the karst drainage system supplying Ball Mill
Resurgence.
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Figure 12 -- Blue Spring (12A). shown after heavy rainfall. is the largest perennial spring along Blue Spring
Branch. The Moore Cave System (12B) is part of the conduit system that transports water to the spring.
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Figure 13 -- View of BallMillResurgence from the top of the 50-ft bluff behind the curcular rise pool.
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DYE TRACING PROGRAM

For more than 20 years, fluorescent dyes have
been used to trace movement of underground wa-
ters. The dyes, which are environmentally safe in the
concentrations used for groundwater tracing and are
detectable in very low concentrations, are placed
where water enters the subsurface, such as sinkholes,
losing streams, swallow holes, and in cave streams.
Springs, resurgences, and gaining streams are then
monitored for the presence of dye.

Two fluorescent dyes were used in this study.
Fluorescein, a yellow-green fluorescent dye available
from a number of sources, under the color-index
generic name of AcidYellow 73, isdetectable to about
0.5 micrograms per liter (J,lgll)under laboratory
conditions. The second dye used was Rhodamine WT
20% (Acid Red 388), is a red dye with laboratory
detection limits similar to fluorescein.

Fluorescence is the property that renders these
dyes especially usefulfor groundwater tracing. Ultra-
violet lightdirected on a fluorescent dye excites some
of its electrons to a higher energy state. As the
electrons return to ground state, photons of lightare
emitted. The emitted energy usually has a longer
wavelength than that absorbed. A fluorometer is an
instrument used to detect and quantify fluorescent
materials. In this study a Farand model Mark I
scanning spectrofluorometer was used for dye detec-
tion. Before dye was injected into the groundwater
system, dye recovery packets containing activated
coconut charcoal were placed in locations where the
dye could emerge. The packets were collected and,
in the laboratory, were washed and elutriated with a
5% solution of ammonium hydroxide in ethyl alcohol.
Dye adsorbed on the charcoal is released by the
change in pH value. After elutriating for I hour, 4
milliliters (ml) of elutriant were drawn off and placed
in quartz cuvettes (sample holders).

The scanning spectrofluorometer isvery useful
in detection of dye because the excitation and emis-
sion wavelengths can be selected independently. The
excitation and emission peaks of the dyes used were
determined experimentally. Fluorescein was found to
have an excitation peak of 500 nanometers (nm) and
an emission peak of 517 nm, a 17-nm spacing. Rho-
damine WT has an excitation peak of about 550 nm
and an emissionpeak of 568 nm,an 18-nmspacing. To
analyze for dye content, the monochromators on the
spectrofJuorometer were adjusted for a spacingof 17
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nm, with the excitation wavelength the lowest of the
two. Sampleswere scanned from about 30 nm below
the fluorescein excitation peak to about 30 nm above
the emission peak of Rhodamine WT. Dimensionless
fluorescence values were recorded on a chart re-
corder. Figure 14 shows typical synchronous-scan
graphs of samples containing fluorescein and Rho-
damine WT dyes. Background-sample graphs are also
shown. The spectrofluorometer allowed two dyes to
be used simultaneously, enhanced dye detection, and
aided in eliminating confusion due to the presence of
extraneous fluorescent substances.

A hindrance in all dye tracing studies is the
presence of extraneous fluorescent materials. Fluo-
rescein dye has several uses other than dye tracing.
The dye is commonly used in automobile antifreezes
and also in certain toilet bowl cleaners. Groundwater

contamination from antifreeze solutions is probably
not a problem but the toilet bowl cleaners containing
fluorescein can cause problems, especiallyifthe prod-
uct is used in a rural karst setting where a central
sewage collection system is not used. Before starting
the dye-tracing program, dye-collection packets were
placed in springs and resurgences to obtain back-
ground fluorescence data. Several springs and resur-
gences were found to contain fluorescent materials
with spectral characteristics identical to fluorescein.
This posed a serious problem only with Hog Pen
Spring, which routinely yielded samples having high
fluorescence values in the fluorescein range. before
any fluorescein dye was used. Thus, when dye traces
were run from areas that had a good potential for
recharging Hog Pen Spring, either Rhodamine WT
was used, or enough fluorescein to compensate for
the high background values. Fluorometric values for
a positive dye trace were generally in the range of
1000to 10,000 units. The high background'values of
Hog Pen Spring generally were under 100 units.

In initiating a dye trace, a water source should
be present to carry the dye into the subsurface. Ifthe
dye could not be placed in moving water, water was
hauled to the injection site in the city's hydraulic
sewer-rodding truck and pumped in with the dye, or
a nearby fire hydrant was opened. Usually, 1000
gallons or more of water were added at dry-dye
injection sites. The amounts of dye used varied. The
first few dye traces were run using either 3 Ibs of
fluorescein or 3 liters of Rhodamine WT 20% dye.
Trial and error revealed that traces could be success-
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fullyrun using Y2to I Ibof fluorescein or Y2to I liter
of Rhodamine WT.

Between early June and mid-November 1983,
no traces were initiated. A drought beginning in May

and ending in October brought karst groundwater
movement to a near halt. Dye from two traces in May
andJune did not adequately clearfrom the groundwa-
ter system until early fall.

DESCRIPTIONS OF INDIVIDUAL DYETRACES

Figure 15shows the injection and recovery sites
of all dye traces. The straight lines connecting the
injection sites with the recovery sites do not indicate
the actual paths of groundwater movement. The
actual path that groundwater follows from sinkhole
to resurgence is probably anything but a straight line.
During certain dye traces, dye-recovery packets were
placed in cave streams to attempt to in some fashion
to determine the actual path of groundwater move-
ment. These traces willbe discussed in later sections

of the report. Table I lists physical data of the dye
traces includingtravel distance. gradient, and velocity.

lerry Lawrence Sink Trace. COP #1
(37°43'48" N, 89°52'33" W)

Jerry Lawrence Sinkisan eastward extension of
a large, shallow uvala in the western part of Perryville.
Before extensive modification and drainage improve-
ment, the sinkhole was subject to floodingafter heavy
rainfall. On March 23, 1983,at about 1600 hours, 3
liters of Rhodamine wr 20% dye was injected into a
vertical concrete pipe in the base of the broad
sinkhole. About 1200gal of water was pumped into
the pipe immediately after dye injection. The dye
resurfaced between March 23 and April I. 1983 at 3
locations: Mertz Resurgence, Doc White Spring.and
Circle Drive Resurgence. The trace was made during
a period of fairly wet weather. Ample recharge
caused Circle Drive Resurgence to flow. Dye was
detected until about April 21, 1984.

Shoe Factory Sink Trace. COP #2
(37°43' 19" N, 89°52' 16"W)

The sinkhole where this trace originated is used
as a city park and a parking lot for International Shoe
Company. Three liters of Rhodamine wr 20% was
injected into a concrete pipe in the throat of the sink
on May25, I983 at 1145hrs. Theroddingtruckadded
approximately 1500 gal of water after the dye was
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injected. The dye was recovered at Clubhouse
Resurgence along a tributary of Spring Branch be-
tween May 27 and June 8, 1983. Location of the
resurgence was unknown before the trace. Dye-
recovery packets had been placed at two bridges on
Spring Branch, one upstream of the resurgence, the
other downstream. Dye was detected continuously
"in the resurgence until about February 10, 1984,
about 9 months after the trace began and intermit-
tently thereafter.

School Street Trace. COP #3
(37°43'46" N, 89°52'26" W)

On June 10, 1983 at about 1300 hrs, 4 Ibs of
fluorescein dye was injected into a sinkhole next to a
sewer-lift station on School Street in Perryville. Dye
was recovered between June 15 and July I, 1983 at
three locations: Circle Drive Resurgence, Mertz
Resurgence, and Doc White Spring. During the
sampling interval between July I and August 3, fluo-
rescein dye was recovered at Clubhouse Resurgence.
However, the previous sample from Clubhouse Re-
surgence was negative as were samples after August
3. Fluorescein was continuously detectable at Mertz
Resurgence and Doc White Springfor several months
after August 3, but none was detected at Clubhouse
Resurgence. The fluorescent material detected be.
tween July I and August 3 at Clubhouse Resurgence
was probably from some source other than the
School Street dye trace.

City Park Trace. COP #4
(37°43'24" N, 89°51'01" W)

The Perryville City Park, on the southeast side
of town along Highway 61. makes wise use of a series
of broad, shallow sinkholes. Picnicgrounds and ball
diamonds are little affected by sinkhole flooding. On
November 17, 1983at 1330hrs, I liter of Rhodamine
WT 20%dye was injected into the throat of a sinkhole
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reference nurmer (long.-Iat.) (ft mol) date and amount (long.-lat.1 detection distance (ft msll (ft/mi) velocity

(ftl (ft/day)

Jerry Lawrence 37°43'48" N. 560 1600h,s. RhodamineWT 20% Mertz Resurgence 37°44'6" N. BetWeen 19,008 400 44.4 2,112
Sink Trace, 89°52 '33" W 3.23.83 31 89°48'36" W 3.23.83 &
COP #1 4.1.83

Doc White Spring 37°43'54" N, BetWeen 12,989 4BO 32.5 1,624
B9049'52" W 3.21.83 &

3.31.83

Circle Drive 37°44'4" N, BetWeen 3,200 518 69.3 169
Resurgence 89°51'58" W 3.31.83 &

4.12.83

Shoe Factory 37°43'19" N, 560 1145 hrs. Rhodamine WT 20% Clubhouse Resu,. 37°43'7" N, BetWeen 1,500 510 176.0 125
Trace, COP #2 89°52'16" W 5.25.83 31 gence 89°52'6" W 5.27.83 &

6.6.83

School Street 37°43'46" N, 552 1300 hrs. Fluorescein Mertz Resurgence 37°44 '6" N, BetWeen 18,500 400 43.4 881
Sink Trace, B9052'26" W 6.10.83 41bs 89°48'36" W 6.15.83 &
COP #3

7.1.83

Doc White Spring 37°43'54" N, BetWeen 12,300 480 30.9 585
89°49'52" W 6.15.83 &

7.1.83

Circle Drive 37°44'4" N, BetWeen 2,800 51B 64.1 133
Resurgence 89°51'58" W 6.15.83 &

7.1.83

City Park Sink 37°43'24" N, 505 1330hrs Rhodamine WT 20% Hog Pen Spring 37°42'56" N, BetWeen 6,500 420 69.0 542
Trace, COP #4 89°51 '1" W 10.17.83 11 B9049'49" W 10.17.83 &

10.29.83

Zahner Sink 37°44'35" N, 580 1300hrs RhodamineWT 20% Blue Spring 37°48'9" N, BetWeen 21,700 420 38.9 516
Trace #1, 89°53'7" W 1.25.84 11 89°53'42" W Dec. 1983
COP #5

& 3.7.84

Edgemont Sink 37°43'17" N, 611 1400 hrs. Fluorescein Spring Branch 37°42'59" N, BetWeen 3,300 500 177.6 412
Trace, COP #6 89°52'55" W 1.25.84 lib Spring 89°52'20" W 1.25.84 &

2.2.84

Zahner Cave 37°44'38" N, 565 1630hrs Fluorescein Circle Drive 37°44'4" N, 0900 hrs 6,200 518 40.0 9,018
Trace, COP #7 89°52'58" W 3.28.84 31bs Resurgence 89°51'58" W 3.29.84

Doc White Spring 37°43'54" N, 0930 h rs 16,000 480 28.1 22,588
89°49'52" W 3.29.84

Mertz Resurgence 37°44'6" N, BetWeen 21,120 400 41.3 3,017
89°48'36" W 3.28.84 &

4-4.84

Hog Pen Spring 37°42'56" N, BetWeen 18,000 420 42.5 2,572
89°49'49" W 3.28.84 &

4.4.84

Heberlie Resur. 37°43'46" N, BetWeen 10,700 495 34.5 382
gence 89051'4"W 3.28.84 &

4.25.84
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INJECTION DATA RECOVERY DATA

Name and Location Elevation Time and Traci ng agent Name Location Date of Straight.line Elevation Gradient Minimum

referencenumber (long.-lat.1 (ft msll date and amount (long.-Ilt detection distance (ft msl) (ft/m;) velocity

(ft) (ft/dIY 1

Zahner Sink 37°44'35" N, 5eO 0930 hrs Rhodamine WT 20% Circle Drive 37°44'4" N, BetWeen 6,500 518 50.4 3,250

Trace #2, 89°53'7" W 3.29.84 21 Resurgence 89°51'58""'1 3.29.84 &

COP #8 3.31.84

Doc White Spring 37°43'54" N, BetWeen 16,300 480 32.4 3,260
89°49'52" W 3-29-84 &

4.3.84

Mertz Resurgence 37°44'6" N, BetWeen 21,200 400 44.8 3,533
89°48'36" W 3-29-84 &

4.4.84

Blue Spring 37°48'9" N, BetWeen 21,700 420 38.9 3,617
89°53'42" W 3-29.84 &

4.4.84

Parking Lot 37°43'27" N, 566 1115 hrs RhodamineWT 20% Doc White Spring 37°43'54" N, 4-25.84 & 9,250 480 49.1 1,321

Sink Trace, 89°51'42" W 4.25.84 1.51 89°49'52" W 5.2.84
COP #9 Mertz Resurgence 37°44'6" N, BetWeen 15,400 400 56.9 2,200

89°48'36" W 4-25-84 &
5.2.84

Dry Run Branch 37°44 '2" N, 515 1030 hrs Fluorescein Doc White Spring 37°43'54" N, BetWeen 9,250 480 20.0 4,625

Estavelle Trace, 89°51'47" W 4.30.84 21bs 89°49'52" W 4.30.84' &
COP #10 5-2.84

Mertz Resurgence 37°44'6" N, BetWeen 15,200 400 39.9 7,600
89°48'36" W 4.30.84 &

5.2-84

Oster Sink 37°43'27" N, 550 1315 hrs Fluorescein Doc White Spring 37°43'54" N, BetWeen 11,150 480 33.1 1,858

Trace, COP #11 89°52'10" W 6.6-84 lib 89°49'52" W 6-6-84 &
6.12.84

Mertz Resurgence 37°44'6" N, BetWeen 17,300 400 45.8 2,883
89°48'36" W 6.6-84 &

6.12.84

Circle Drive 37°44'4" N, BetWeen 2,800 518 60.3 33

Resurgence 89051'58"W 6.27-84 &
8.29.84

Ste. Marie Pit 37°43'33" N, 556 1340 hrs RhodamineWT 20% Doc White Spring 37°43'54" N, BetWeen 7,500 480 53.5 1,250

Trace, COP #12 89°51'21" W 6-6.84 11 89°49'52" W 6.6.84 &
6-12-84

Mertz Resurgence 37°44'6" N, 8etWeen 13,600 400 60.5 2,267
89°48'36" W 6-6.84 &

6.12.84

Heberlie Resur. 37°43'46" N, 6.6.84 & 2,500 495 129 30

gence 89051'4"W 8.29.84

Doc White 37°43'54" N, 480 1445 hrs F luoreseein Mertz Cave 37°44'7" N, BetWeen 4,100 420 77.3 5,179

Spring Sink 89°49'52" W 7.2-84 1/31b 89°51'33" W 7.2.84 &

Trace, COP #13 0945 hrs
7.3.84

Mertz Resurgence 37°44'6" N, BetWeen 6,100 400 69.2 7,705
89°48'36" W 7.2-84 &

7.3-84
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INJECTIONDATA RECOVERYDATA

Nameand Locetion Elevation Time and Tracing agent Name Location Date of StraighHine Elevation Gradient Minimum
roferaneenumber (long.-Iat.) (ftms!) date and amount (long.-Iat.) detection distance (ftmsl) (ft/mil velocity

(ft) (ft/day)

LurkSink 37°43'14" N, 570 1330 hrs Fluorescein Clubhouse Resur. 37043'7" N, Between 1,100 510 288 122
Trace, COP #14 89°51'58" W 7-3-84 2/31b gence 89°52'6" W 7.3.84 &

7.12-84

Zeno Street 37°43'26" N, 590 1345hrs RhodamineWT20% Mertz Resurgence 37044 '6" N, Between 19,700 400 50.9 2,189Sink Trace, 89°52'38" W 7.3.84 11 89048'36" W 7.3-84 &
COP#15 7.12-84

DocWhiteSpring 37°43'54" N, Between 13,500 480 43.0 563
89°49'52" W 7.12.84 &

7.27-84
CircleDrive 37°44'4" N, Between 4,900 518 77.6 86
Resurgence 89°51'58" W 7.3.84 &

8.29-84

Great Perry 37°43'35" N, 547 1310 hrs RhodamineWT 20% DocWhileSpring 37°43'54" N, Between 10,100 480 35.0 2,020CaveTrace, 89°51'56" W 9.20.84 11 89°49'52" W 9-20.84 &
COP#16 9.25-84

HeberlieResur. 37°43'46" N, Between 4,300 495 63.9 860
gence 89051'4"W 9-20.84 &

9.25-84

Mertz Resurgence 37°44'6" N, Between 16,200 400 47.9 736
89°48'36" W 9.20-84 &

10-12.84

Rozie!Sink 37°43'23" N, 615 1400hrs Fluorescein Circle Drive 37°44'4" N, Between 6,300 518 81.3 1,260Trace, COP#17 89°52'59" W 9.20-84 lib Resurgence 89051'58"W 9.20-84 &
9.25.84

HeberlieResur. 37°43'46" N, Between 9,500 495 66.7 1,900
gence 89051'4"W 9.20-84 &

9-25-84

DocWhiteSpring 37°43'54" N, Between 15,300 480 46.6 3,060
89°49'52" W 9-20.84 &

9.25-84

Mertz Resurgence 37°44'6" N, Between 21,400 400 53.0 973
89°48'36" W 9-20.84 &

10.12.84

Rob Roy Sink 37°43'56" N, 610 1340 hrs RhodamineWT20% Circle Drive 37°44'4" N, 8etween 6,700 518 72.5 837
Trace, COP#18 89°53'23" W 10-25-84 11 Resurgence 89°51'58" W 10.25.84 &

11.2.84

DocWhiteSpring 37°43'54" N, Between 16,900 480 40.6 2,113
89°49'52" W 10.25-84&

11.2.84

MertzResurgence 37°44'6" N, Between 23,000 400 48.2 1,045
89°48'36" W 10-25.84&

11.16-84
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INJECTIONDATA RECOVERY DATA

Name and Location Elevation Time and Tracing agent Name Location Date of Straight.line Elevation Gradient Minimum
referencenumber (long.-.lat.l Iftmsll date. and amount (long,-Iat,) detection distance 1ft msll (ft/mi) vetocity

1ft) 1ft/day)

BOT Trace, 37°43'4" N, 520 1430hrs Fluorescein Ouarry Spring 37°42'56" N, BetWeen 3,BOO 460 B3.4 4,560
COP #19 89051'2"W 10-25.84 lib 89°50'16" W 10-25.84 &

1030 hrs
10.26-84

Hospital Sink 37°43'58" N, 539 11.1.84 Fluorescein Dry Run Branch 37°44'2" N, BetWeen 1,100 510 139,2 1,100
Trace, COP #20 89052'W YoIb Estavelle 89°51'47" W 11.1.84&

11.2-84

Heberlie Resur. 37°43'46" N, BetWeen 4,600 495 50.5 4,600
genee 89051'4"W 11.1.84&

11.2-84

MerlZ Resurgence 37°44'6" N, BetWeen 16,200 400 45.3 1,013
89°48'36" W 11-1-84 &

11.16.84

Doc Whi Ie Spring 37°43'54" N, BetWeen 10,200 480 30.5 392
89°49'52" W 11-1-84 &

11.26.84



MOVEMENTOF SHALLOW GROUNDWATER
IN THE PERRYVILLEKARSTAREA

in the park. Water was flowing into the sink at the
time. Dye was first detected at Hog Pen Spring
between November 17and November 29. 1983and
remained in the water in detectable amounts until
February 15. 1984.

Zahner Sink Trace. COP #S
(37°44'3588 N, 89°53'0788W)

The sinkhole where this trace was initiated is
one of several small sinkholes in an uvala just north-
west of Perryville. along Sycamore Road. On January
25. 1984 at 1300 hrs. I liter of Rhodamine wr 20%
dye was injected into a small sinkhole adjacent to
Sycamore Road. Runoff from melting snow carried
the dye into the subsurface. The entrance to Zahner
Cave is in the same uvala.The southeast trend of the

cave toward Circle Drive Resurgence indicats prob-
able dye recovery at springs along Cinque Hommes
Creek. Dye-recovery packets collected at Mertz
Resurgence. Doc White Spring. Circle Drive Resur-
gence. and Hog Pen Spring for the next month
showed no dye.although the weather favored ground-
water recharge. A dye-recovery packet collected
from Blue Spring on March 7 showed positive Rho-
damine content. The March 7 to March 12sampling
interval at Blue Spring showed no more dye present.
The trace was repeated; results are discussed later in
this section of the report.

Edlemont Sink Trace. COP #6
(37°43' 1788N, 89°52'5588W)

On January 25. 1984 at 1400 hrs. I Ib of
fluorescein dye was introduced into a sinkhole on the
south side of Edgemont Boulevard in southwestern
Perryville. The sink contains a steel pipe with trash
rack in the throat. Runoffwater flowing into the sink,
augmented with several hundred gallons from the
rodding truck, was used to wash the dye into the
subsurface. Dye was first detected between January
25 and February 2. 1984 at Spring Branch Spring.

Zahner Cave Trace. COP #7
(37°44'3888 N, 89°52'5888W)

Zahner Cave can be entered through any of
several shallow. linear sinkholes along the east side of
an uvala west of Perryville. The entrances are along
a solution-enlarged joint which daylights(surfaces) in
several places. A short crawlway and climb through
wedged boulders leads to the cave stream. The cave
contains about 10.000 ft of mapped passage and
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trends southeast toward Circle Drive Resurgence.
On March 28. 1984 at 1630 hrs. 3 Ibsof fluorescein
dye was introduced into the cave stream. which was
flowingabout 0.3 ft)/sec. The dye was quicklycarried
downstream.

Dye was recovered less than 16.5hours later at
Circle Drive Resurgence. 6200 ft away. Dye was also
recovered between March 28 and April 25. 1984 at
Heberlie Resurgence. a smallintermittent spring 4800
ft downstream from Circle Drive Resurgence. Dye
was recovered from Doc White Spring. 3.03 mi from
the injection point, within 17hours after injection and
at Mertz Resurgence between March 28 and April 4.
1984. Hog Pen Springalso had a positive fluorometric
reading. The dye was injected at the end of a major
storm. Numerous sinkholes were flooded and there

was much groundwater recharge. Several springs
that contained dye during the very high recharge
period would probably not have been affected during
normal flow periods; they include Hog Pen Springand
Heberlie Resurgence. Apparently. during periods of
very highgroundwater recharge. upper levelconduits
can channel water to a number of widely separated
karst groundwater outlets.

Zahner Sink Trace (repeat). COP #8
(37°44'3588 N, 89°53'0788W)

This trace is a repeat of the earlier Oanuary 25,
1984) Zahner sink trace. At 0930 hrs on March 29,
1984,2 liters of Rhodamine wr 20%dye was injected
into the base of Zahner Sink. The day before, when
the Zahner Cave trace was initiated, this sinkhole was
flooded. At the time of the trace, water had drained
from the sinkhole, but much runoff from the adjacent
county road ditch and hillslope was still entering the
sink. On March 31, 1984, dye was observed exiting
from Circle Drive Resurgence (Yokum. 1984. pers.
comm.). Dye was recovered between March 29 and
April 4, 1984 at Blue Spring. Mertz Resurgence and
Doc White Spring received Rhodamine dye from this
trace during the same sampling interval. The earlier
Zahner Sink trace showed dye flowing only to Blue
Spring. As with the Zahner Cave trace, however, high
groundwater stages apparently profoundly affect the
direction of groundwater movement. Apparently,
groundwater levels due to excessive recharge in
Zahner Sinkwere high enough to cause groundwater
movement not only to the northeast, as before, but
also to the southeast, probably via Zahner Cave.
Groundwater stages or recharge amounts must there-
fore be considered a factor in the ultimate direction
of groundwater movement in the Perryville karst.



Parking Lot Sink Trace. COP #9
(37°43'27" N, 89°51'42" W)

In the southeast corner of a city parking lot just
southeast of the Perry County Courthouse inPerryville
is a manhole that, when the cover is removed, allows
entry into a vertical pipe that channels stormwater
runoff into a low cave. On April 25, 1984at 1115hrs,
1.5 liters of Rhodamine WT 20% dye and 1500gal of
water were injected into the cave. Dye reappeared
between April 25 and May 2, 1984 at Doc White
Spring and Mertz Resurgence.

Dry Run Branch Estavelle Trace.
COP # 10

(37°44'02" N, 89°51'47" W)

As previously discussed. the upper watershed
of Dry Run Branch contains many karst features
associated with both groundwater recharge and dis-
charge. On April 30, 1984 at 1030 hrs, 2 Ibs of
fluorescein dye was injected into the estavelle in the
channel of Dry Run Branch, about 300 ft upstream
from the Highway 51 crossing. Stormwater runoff
was flowing down Dry Run Branch, and all the water
was disappearing into the subsurface at the estavelle.
Dye was recovered between April 30 and May 2 at
Doc White Spring and Mertz Resurgence. No dye
was detected in small springs downstream of the
estavelle on Dry Run Branch.

Oster Sink Trace. COP #11

(37°43'27" N, 89°52' 10" W)

Oster Sink is a sinkhole with poor drainage
characteristics, in the west-central part of Perryville.
After heavy rainfall,the sinkcommonly failsto channel
all its drainage into the subsurface and causes local
flooding. On June 6, 1984 at 1315 hrs, I Ib of
fluorescein dye was injected into the sinkhole. There
was some ponded water in the sink when dye was
injected, and about 500 gallons of water was added
from a truck. The additional water caused water level
in the sink to rise slightlyand stabilizeas water flowed
from the sink through bedding plane openings in its
sides. The dye reappeared between June 6 and June
12, 1984at Doc White Springand Mertz Resurgence.
Dye-recovery packets placed July 3, 1984 in Streiler

Descriptions of
IndividualDye Traces

City Cave where water from North Street Cave
enters, contained dye when collected July 22, 1984.

Ste. Marie Pit Trace. COP #12

(37°43'33" N, 89°51 '21" W)

Ste. Marie Pit, on the south side of Ste. Marie
Street, about 6 blocks east of Perryville City Hall,ison
the edge of a small sinkhole and consists of a vertical
shaft some 20 ft deep, the upper lOft being cased in
concrete. The original shape of the sinkhole has been
altered by fillmaterial placed in the sink during home
construction. On June 6, 1984 at 1340 hrs, I liter of
Rhodamine WT 20% dye was injected into the pit,
followed by 500 gal of water. A small stream flowed
across the base of the pit at the time. Dye was
recovered between June 6 and June 12at Doc White
Spring and Mertz Resurgence. Dye recovered at
Heberlie Resurgence on August 30, 1984 probably
came from this trace. Late summer 1984 was fairly
dry, and the packet was in place for several months.

Doc White Spring Sink Trace.
COP #13

(37°43'54" N, 89°51 '58" W)

Doc White Spring.an intermittent resurgence,
typicallyflows during fall,winter, and spring, but dry
weather causes flow to cease. About 100ft east of the

spring isa smallsinkhole, about 4 ft wide and 4 ft deep,
across the base of which, water moves, even when the
spring itself is not flowing. On July 2, 1984 at 1445
hrs, when spring was not flowing, 113Ibof fluorescein
dye was introduced into the sinkhole. Dye was
detected less than 19 hours later in Mertz Cave
stream. 4100 ft east of the injection site and also at
Mertz Resurgence.

Lurk Sink Trace. COP # 14

(37°43' 14" N, 89°51 '58" W)

On July3, 1984at 1330 hrs, 213Ibof fluorescein
dye was introduced into a concrete-walled sinkhole
throat in an alley near Edgemont Blvd. Water was
flowing across the base of the sinkhole, and no
additional water was added. The dye first reappeared
at Clubhouse Resurgence between July 3 and July 12,
1984.
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MOVEMENT OF SHALLOW GROUNDWATER
IN THE PERRYVILLE KARST AREA

Zeno Street Sink Trace. COP #IS

(37°43'26" N, 89°S2'38" W)

In the southwest part of Perryville,a karst valley
consisting of a northward-trending linear row of
shallow sinks starting about Edgemont Boulevard
drains several acres. Several of the sinks have been
modified to facilitate drainage. OnJuly3, I984 at 1345
hrs, I liter of Rhodamine WT 20% dye was injected
into the throat of a sinkhole along Zeno Street. Some
water was moving through the sink at the time. Dye
was recovered between July 3 and July 13, 1984 at
Mertz Resurgence. Between July 13and July27, Doc
White Spring flowed briefly and dye was recovered
there. Dye passed through Streiler City Cave be-
tween July 3 and July 22, 1984. The dye-recovery
packet in Streiler City Cave was placed where water
entered the cave stream from a low, bedding-plane
opening on the south side of the cave, about 200 ft
downstream from the entrance. The water is be-
lieved to be from North Street Cave.

Great Perry Cave Trace. COP #16

(37°43'3S,i N, 89°SI'S6" W)

The entrance to Great Perry Cave is about I
blockwest of City Hallin Perryville,at the base of a large
sinkhole. The shallowentrance pit isdevelopedalonga
joint and is covered by a steel grate that apparently
serves two purposes: it prevents debris from washing
into the cave and prevents entry. Scott House ( 1975,
MSS Cave Files) reports gasoline and diesel fuel
entering the cave from nearby storage tanks. On
September 20, 1984at 1310hrs, I liter of Rhodamine
WT 20% dye was injected into the entrance of the
cave (fig. 16). The dye was recovered at Heberlie
Resurgence and Doc White Spring,between Septem-
ber 20 and September 25, 1984, and Mertz Resur-
gence, between September 20 and October 13, 1984.

Rozier Sink Trace. COP #17

(37°43'23" N, 89°SI 'S9" W)

Rozier Sink, a shallow, broad sinkhole with
several throats, is in southwestern Perryville, at the
upstream end of a shallow karst valley. On Septem-
ber 20, 1984 at 1400 hrs., I Ibof fluorescein dye was
injected into a throat of the sink. About 1800gal of
water was added to wash the dye into the subsurface.
Downstream of the sink about 1100 feet north, is a
concrete drop-inlet box inthe base of a smallsinkhole
that tends to drain poorly and may di$(;hargewater
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Figure 16 --Bob Schumer and Cynthia Endicott
injecting Rhodamine WT dye into the sinkhole entrance

of Great Perry Cave.

after heavy precipitation. About 250 ft northeast of
the drop-inlet box, on the other side of St. Joseph
Street, is Log Cabin Spring. a small intermittent
groundwater outlet. There is another spring, Grand
Street Spring. about 1000 ft northeast of the drop-
inlet on St. Josept Street, near the intersection of
Grand and Moulton Streets. Many years ago, the
spring was channelled into the street and, in 1984,
into a drain pipewhich trends northeast and now ends
in Jerry Lawrence Sink.

Dye-recovery packets were placed inthe drop-
inlet box, at Log Cabin Spring.and in the large drain
pipe downstream of Grand Street Spring. Dye-
recovery packets Were also in place at the usual
monitoring sites. Dye from Rozier Sink was recov-
ered at the drop-inlet box on St. Joseph Street and in
the pipe downstream of Grand Street Spring, be-
tween September 20 and 25, 1984. Log Cabin Spring
showed no dye. Fluorescein was also recovered at
Circle Drive Resurgence, Heberlie Resurgence, and
Doc White Spring. between September 20 and 25,
1984,and Mertz Resurgence between September 20,
and Oaober 12. 1984.



Rob Roy Sink Trace. COP # 18
(37°50'06" N, 89°53'23" W)

On October 25, 1984 at 1340 hrs, I liter of
Rhodamine WT 20% dye was introduced into a small
sinkhole in southwestern Perryville, just west of
Sycamore Lane. Approximately I gpm of water was
flowing into the sink at the time of injection. Dye was
recovered between October 25 and November 2,
1984 at three locations: Circle Drive Resurgence,
Doc White Spring, and Mertz Resurgence. Dye was
first visually detected at an unnamed spring a few
hundred feet east of the injection site. Flowfrom the
spring travels northeast a few hundred feet, loses into
a sinkhole, and rises again at another small spring a
short distance away. The water then enters another
sinkhole near an electric substation.

BOT Trace. COP #19

(37°43'04" N, 89°51 '02" W)

The Bruckerhoff, Quatman, Tlapek (BQT) dye
trace originated in a small sinkhole in a large field
southeast of the Perryville City Park. At the time of

Discharge Characteristics of
Springs and Resurgences

injection, the field containing the sinkhole was water-
saturated, and approximately 50 gpm was draining
into the sinkhole.

One pound of fluorescein dye was injected into
the sinkhole, at 1430 hrs, on October 25, 1984. The
runoff from the field quicklycarried the dye into the
subsurface. Dye was detected visually at Quarry
Spring the next morning, October 26, at 0920 hrs.
However, it probably reappeared several hours be-
fore. it was first observed.

Hospital Sink Trace. COP #20
(37°43'58" N, 89°52'00" W)

On November I, 1984at approximately 1200
hrs, Y2Ib of fluorescein dye was introduced into a
sinkhole just northwest of the Perry County Hospital
in Perryville. This trace was intended to help deter-
mine the recharge area of Dry Run Branch Estavelle.
Dye was injected during a period of heavy rainfalland
reappeared the next day,November 2,at the estavelle.
Dye was also recovered at Heberlie Resurgence, Doc
White Spring, and Mertz Resurgence.

DISCHARGE CHARACTERISTICS OF SPRINGS AND
RESURGENCES IN THE STUDY AREA

The discharge characteristics of a spring or resur-
gence is a reflection of the groundwater supply system,
the mode of groundwater recharge, and local climate.

Recharge can be broadly categorized into either
discrete or diffuse recharge. Diffuse recharge is
provided byprecipitation fallingover a broad area and
infiltrating through the soil materials and rock until it
reaches the water table. Discrete recharge is the
more concentrated movement of water from the

surface to the groundwater system. The major
mechanisms of discrete recharge are sinkholes, losing
streams, swallets, and estavelles, all features that
efficiently channel water from the surface to the
subsurface.

Water provided by diffuse recharge is com-
monly termed "water in storage." Though moving,
and part of a dynamic system, the rate of movement

is relatively low. Such water is allowed longer resi-
dence time in the groundwater system and tends to
reach chemical equilibrium with respect to the earth
materials more closelythan discrete recharge. Water
in storage provides base flows for springs and gaining
streams and is typicallyutilized bywater-supply wells.

"Water in transit" is provided by discrete re-
charge, which enters the groundwater system quickly
and travels with much less resistance than diffuse

recharge, through the conduit system feedinga spring
or resurgence. Its lower residence time allows less
solutioning to take place, so typicallythis water does
not reach equilibriumwith the earth materials. Though
the water is usually lower in dissolved solids, it can
contain more suspended sediment and contaminants.

Basedupon rechargetype andthe characteris-
tics of the conduit systems feeding them, different
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springs respond differently to recharge. High-storage
springs have discharges that do not vary greatly in
response to localprecipitation. They typicallyreceive
diffuse recharge and have relatively uniform water
quality. Discharge changes occur, but a sudden
thunderstorm does not cause flows to increase dra-

matically in a few hours. Rather, the discharge might
increase gradually for several days before slowly
declining. High-transit springs, which occupy the
other end of the discharge-character spectrum, re-
ceive immediate and direct recharge from discrete
recharge features. Their flows mayvary from trickles
during droughts to raging torrents after heavy rain-
storms. As a result, water quality is also extremely
variable. The flow system feeding a high-transit spring
is quite open, allowing large amounts of water to
enter the groundwater system quickly and also to
drain quickly.

Thus, the discharge character of a spring relates
to how water is recharged, integration of the ground-
water flow system. the size of the area providing
recharge. and local climate.

Flows of major springs and resurgences in the
study area were measured several times under differ-
ing climatic conditions. A summary of the flow data
is shown in table 2. In some cases, especially after
heavy rainfall. it was physicallyimpossible to measure
flows of some springs. due to floodingof the receiving
streams or water depths in the spring branches.
Several estimated flow values appear in table 2. Of
course. these must be considered less accurate than
the measured values but are provided to illustrate
magnitude of some spring flows during very wet
weather.

All major springs and resurgences in the study
area are high-transit springs and have dry weather
flows ranging from zero to about 2 ft3/sec. For Mertz
Resurgence, the largest groundwater outflow point
on Cinque Hommes Creek and in the study area, the
minimum measured flow in August 1984 after a two-
month dry spell.was 1.99ft3/sec. After heavyrain, the
flow has been visually estimated at more than 100
ft3/sec. From the flow data alone. it is apparent that
the spring drains a large portion of the Perryvillekarst
area and has an extensive conduit system channelling
water to the spring.

The flow of Doc White Spring is quite variable.
ranging from zero during dry summer periods to
more than 40 ft3/sec after heavy rain. The discharge
character of the spring changed during this study. In
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early September 1984. a backhoe was used to open
the spring. thereby exposing a rise pool in a shallow
cave. Since then, the spring tends to flow less often
but with higher peak discharges. Apparently, before
the spring was opened, debris blocking the orifice
constricted flow and caused ponding on the upstream
side of the conduit, but this no longer occurs.

Hog Pen Spring, less variable than Doc White
Spring, has a low but well-sustained base flow. In
August 1984, during very dry weather. it was mea-
sured at 0.104 ft3/sec. Peak observed flow of the
spring during the study was about 20 ft3/sec, an
estimate including flow from numerous openings
above and adjacent to the main spring, which were
providing at least 50 percent of the discharge.

Circle Drive Resurgence isa high-stageground-
water overflow that functions only brieflyafter heavy
rain. When it was gaged after about 1.5in. of rain in
the preceding 24 hours. the flow was 8.2 ft3/sec. After
a heavy rain. the flow was estimated at 40 ft3/sec,but
after 18 hours, flow had receded to about 5 ft3/sec.
The resurgence also functions as a recharge point.
Surface runoff from the area around the resurgence
flows into the cave if rainfall has been insufficient to
cause the resurgence to discharge.

Quarry Spring has a well-sustained base flow.
which was once measured at 0.15 ft3/sec. Observa-

tions during the current study indicated a low flow of
about 0.03 ft3/sec. Quarry Springappears to have the
most uniform flow of any spring in the study area.

Club House Resurgence was not measured
during the current study. Due to its location and
spring outlet characteristics. accurate gagingwas not
practical. After heavy rain. peak discharge isabout 10
ft3/sec; during dry weather. flow nearly stops.

Along Blue Spring Branch, Blue Spring is the
largest groundwater outflow point. During very dry
weather. its flow has been measured at 0.3 ft3/sec,but
highflows are estimated to exceed 40 ft3/sec. During
late summer 1984,flow nearly stopped. The spring is
very close to the channel of Blue Spring Branch and
after heavy precipitation. high stream stage hampers
good visual estimations and makes direct measure-
ments nearly impossible.

Blue Spring Resurgence was observed flowing
only once during this study. at which time it was
dischargingapproximately 0.5 fe/see. Flowoccurred
at other times. as shown by high-water marks in the
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TABLE 2 - Discharge data for selected springs in the study area

Date Discharge Rainfall Rainfall
(tt3/sec) previous day previous week

(in.) (in.)

Mertz Resurgence 4-21-83 8.13 0 1.65
3-12-84 6.70 0.25 0.24
3-28-84 >100 e 1.62 0.62.
8-9-84 1.99 0.55 0.36

Doc White Spring 4-14-83 15.7 1.46 1.88
3-13-84 2.49 0.11 0.25
3-28-84 40e 1.62 0.62
8-9-84 0 0.55 0.36

Hog Pen Spring 4-14-83 1.58 1.46 1.88
3-14-84 0.708 0 0.36
3-28-84 20e 1.62 0.6.2
8-9-84 0.104 0.55 0.36

Quarry Spring 3-14-84 0.151 0 0.36
8-9-84 0.03 e 0.55 0.36

Clubhouse Resurgence 8-9-84 0.04 e 0.55 0.36

Circle Drive Resurgence 4-14-83 8.20 1.46 1.88
3-12-84 0 0.25 0.24
3-28-84 40e 1.62 0.62
3-29-84 5e 0 2.24
8-9-84 0 0.55 0.36

Blue Spring 4-14-83 20.5 1.46 1.88
3-12-84 5.29 0.25 0.24
3-28-84 60e 1.62 0.62
8-9-84 0 0.55 0.36

Blue Spring Resurgence 4-14-83 0 1.46 1.88
3-12-84 0 0.25 0.24
3-29-84 0.5 e 0 2.24
8-9-84 0 0.55 0.36

Keyhole Spring 4-14-83 2.16 1.46 1.88
3-12-84 0.4 70 0.25 0.24
8-9-84 0.15 e 0.55 0.36

Keyhole Resurgence 4-14-83 0 1.46 1.88
3-12-84 0.1 e 0.25 0.24
8-9-84 0 0.55 0.36

Ball MillSpring 4-14-83 4.30 1.46 1.88

Ball Mill Resurgence 4-14-83 0
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resurgence branch, but the resurgence functions so
briefly that the peaks are missed if it is not visited
within a few hours after rain stops. Combined peak
flow of Blue Spring and Blue Spring Resurgence is
estimated to exceed 100 ft3/sec.

Keyhole Resurgence, immediately downstream
of Blue Spring, has been observed discharging water
only a few times during the study, but the flows were
always low, less than I ft3/sec. Vineyard (1984, pers.
comm.) visited the resurgence in 1968, after very
heavy rainfall,and estimated the flow to be 50 ft3/sec.
Keyhole Spring has a low but well-sustained base flow

but also, apparently, a fairly low peak discharge. Peak
flow measured during this study was 1.88 ft3/sec
during fairly wet weather.

Ball Mill Spring was measured once at 4.30
ft3/sec during wet weather and, like Keyhole Spring,
has a low but well-sustained base flow. Ball Mill

Resurgence was not observed flowing during the
study. Vineyard ( 1984,pers. comm.) visited it in 1968,
after heavy rainfall, and estimated flow to be 60
ft3/sec. However, high-water marks and local reports
indicate flow can exceed 180 ft3/sec during peak
rainfall periods.

KARST GROUNDWATER QUALITY IN THE STUDY
AREA

The quality of water issuingfrom a spring, like
its quantity, reflects the character of its recharge area.
Water quality also partly depends on the type of rock
or earth materials the water contacts. All water
flowing from springs in the study area originates as
local precipitation. Table 3 shows water quality of
springs and resurgences in the area. Extensive,
repetitive water sampling was beyond the scope of
the current study, but the information gathered from
limited samplingisquite useful in establishingrecharge
characteristics and in showing how human activities
affect water quality.

Groundwater temperature in most areas is
usually fairly constant and roughly equal to the mean
annual temperature of the individual area. In the
study area, spring water temperature was discovered
to be quite variable, measured values ranging from
49°Fto 67°F. Meanannual temperature of the area is
about 59°F. The wide temperature range is easily
explained by the nature of the karst groundwater
system. The spring systems are very open; most
consist of caves, with recharge primarily from
stormwater runoff entering sinkholes. In summer,
therefore, warm rain water causes water tempera-
tures to rise. Winter runoff from either rain or
snowmelt is much colder than mean annual tempera-
ture, and causes spring water temperature to fall. Of
course, all southern Missouri springs are subject to
the same climaticchanges. Becauseof residence time,
however, most other springs do not show the wide
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fluctuations in water temperature. Most Ozark
springs receive more diffuse recharge than those in
the study area. In most of the Ozarks, recharge
remains in the spring system much longer than in the
study area. The earth serves as a heat sink, allowing
recharge to equilibrate with mean annual tempera-
ture. In the study area, recharge is mostly discrete
recharge and, based on dye-trace information, resi-
dence time varies from a few hours, during peak
recharge periods, to a few days, during dry weather.

Many dissolved constituents in spring water
reflect the composition of earth materials the water
has contacted. As would be expected, allspring water
in the study area is a calcium-magnesium-bicarbonate
type, because the bedrock is dominantly limestone
and dolomite, both carbonate rocks. Sodium occurs
in expected levels, but potassium levels for some
springs are somewhat higher than expected, probably
due to contamination by agricultural fertilizers and
organic waste. Total iron and total manganese levels

. are relatively high, but only part of the iron and
manganese is dissolved; the rest is contained in sus-
pended sediment. Sulfate levels were less than 50
milligrams per liter (mgll). Spring waters passing
through fairly pure carbonate aquifers typically have
lower sulfate content, generally about 10 mgll, but
carbonate rocks in the study area contain minor
amount of shale that may cause increased sulfate
levels.



TABLE 3 - Water quality of selected springs and resurgences

Values, unless otherwise noted, are milligrams per liter
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MertzResurgence 3.13.84 6.70 52 30 690 6.8 7.6 251.2 293.9 6.1 93 19 18.9 2.5 0.06 0.50 19 25.0 - - 430 311.5 251.2 60.3
3.28.84 >100. - - - - - - - - - - - - - - - - 0.81 0.13 - - - -
8.9.84 1.99 57 72 610 - 7.3 251.2 306.3 0 85 20 17.0 5.5 0.24 3.60 11 23.5 6.4 0.08 426 301.5 251.2 50.3

DocWhiteSpring 3.13.84 2.49 52 35 740 4.0 7.1 210.5 256.7 0 63 27 11.9 3.1 0.03 0.45 32 69.5 - - 435 269.3 210.5 58.8
3.28.84 40e - - - - - - - - - - - .- - - - - 0.60 0.81 - - - -
8.10.84 0 - - - - - - - - - - - - - - - - - - - - - -

Hog Pen Spring 3.14.84 0.708 49 40 700 6.8 7.6 227.8 277.8 0 66 29 33.6 3.1 0.03 0.52 30 50.0 - - 406 285.2 227.8 57.4
3.28.84 20e - - - - - - - - - - - - - - - - 1.2 0.12 - - - -
8.9.84 0.104 58 78 600 - 7.0 215.6 262.9 0 58 29 16.5 6.75 0.44 5.15 23 37.0 1.9 0.06 414 274.2 215.6 58.6

QuarrySpring 3.14.84 0.151 53 40 700 - 7.5 245.1 298.8 0 70 34 no 2.3 0.05 0.80 42 28.0 - - 413 316.3 245.1 71.2
3.29.84 - - - - - - - - - - - - - - - - - 3.2 0.07 - - - -
8.9.84 0.03e 56 76 710 - 7.05 300.0 365.8 0 66 42 15.0 2.2 0.02 0.26 25 18.0 3.8 0.01 459 338.2 300.0 38.2

Clubhouse Resurgence 8.9.84 0.04e 60 78 590 - 6.9 250.2 305.0 0 65 27 20.0 3.65 0.09 1.25 25 26.5 0.81 0.01 383 275.8 250.2 25.6

CircleDriveResurgence 3.28.84 40e - - - - - 48.8 59.5 0 18 5 3.2 4.35 0.33 8.5 2 1.5 <1 - 186 81.4 48.8 32.6
8.9.84 0 - - - - - - - - - - - - - - - - - - - - - -

Blue Spring 3.12.84 5.29 53 30 570 4.5 7.2 193.2 235.6 0 55 28 17.9 2.2 0.02 0.21 16 22.5 - - 376 253.0 193.2 59.8
3.28.84 60e - - - - - - - - - - - - - - - - 1.2 0.18 - - - -
8.9.84 0 - - - - - - - - - - - - - - - - - - - - - -

Keyhole Spring 3.12.84 0.470 52 30 590 5.4 - 219.7 267.8 0 58 29 16.6 2.8 0.02 0.42 14 19.0 - - 364 265.0 219.7 45.3

8.9.84 0.15e 67 80 200 - 7.2 72.2 88.0 0 19 8 5.0 16.25 0.20 7.63 3 8.5 1.5 0.04 206 94.4 72.2 22.2

Keyhole Resurgence 3.12.84 O.le 51 30 750 - - 380.3 463.8 0 8.4 4.9 5.7 1.2 0.03 0.07 19 4.5 - - 434 411.6 380.3 31.3

8.9.84 0 - - - - - - - - - - - - - - - - - - - - - -
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Several dissolved constituents in the spring
water can be linked to human activities in the study
area. Nitrite, nitrate, and ammonia are nutrients that
generally occur only in very low concentrations in
unpolluted groundwater; the three can be considered
a series. Ammonia is unstable in natural waters that
contain appreciable dissolved oxygen. In the pres-
ence of oxygen, ammonia will form nitrite, also
unstable if oxygen is present, and ultimately convert
to nitrate. In spring waters of the study area,
dissolved oxygen content, which was measured once
during the study, ranged from 4.5 mg/l to 6.8 mgll,
somewhat low for spring water, but considering the
nutrients in the water and the biological and chemical
oxygen demand, not unreasonable. Nutrient values
were determined twice for springs in the study area.
Ammonia levels were somewhat high. ranging from
0.007 mgllto 0.81 mgll. Such levels,when considered
with the ample dissolved oxygen, indicate very local
sources of ammonia. Nitrite + nitrate values also
reflect an abundant supplyof nutrients. the sources of
which are most likely agricultural fertilizer, septic
systems, and livestock waste. Minor amounts of

nitrate can be expected in unpolluted groundwater,
due to nitrogen fIXation by plants. Chloride levels,
which were also higher than would be expected,
ranged from 1.5 mgll to 69.5 mgll. Such levels are
probably due to organic wastes from septic systems
and livestock.

The spring-water quality indicates widespread
karst groundwater contamination due to urban run-
off, agricultural practices, and rural waste disposal.
Some pollution is avoidable. Many rural residents
employ no private waste treatment, but simply pipe
household and septic waste into sinkholes. Nutrients
supplied by agricultural practices are less avoidable.
As long as row-crop farming is employed in the study
area, some unavoidable fertilizer and agricultural
chemical runoff must be expected. The high levels of
suspended sediment in spring water, especially after
rain storms, are due to two factors: row-crop farm-
ing,which allows soils to be more easilyeroded, and
the very open spring systems, which allow sediment
to be transported.

RECHARGE AREAS OF SPRINGS AND
RESURGENCES IN THE STUDY AREA

In general, dye-tracing studies are used to de-
termine the source area of recharge to a givenspring.
In this study, the rational was slightly different: to
determine which spring receives recharge from a
given area. The major purpose of the study was to
determine the directions of shallow groundwater
movement in and and near the city of Perryville. Dye-
injection points were certainly not selected at ran-
dom; they were based on location, recharge impor-
tance, and other factors, including each site's re-
sponse to runoff. City of Perryville officials were
interested in several sinkholes used as dye-injection
points, because of current or proposed construction
activities. or because an individual sinkhole had a
history of drainage problems.

During this study. 20 successful dye traces were
made; an additional trace was run by cavers several
years ago. Using dye-trace data and other geologic
and hydrologic data it is possible to construct a
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recharge-area map for the study area. Nearly alldye
traces originated within a 4-mi2 area in and near
Perryville. In almost any other part of the Ozarks,
such detail would be superfluous. The subsurface
drainage system in the Perryville karst area is quite
complex, however, and even with the amount ofdye-
trace data recovered it is impossible to delineate
recharge areas completely accurately. Moreover,
such accuracy is impossible unless a dye trace is run
from every possible recharge site in the area -- an
unlikelytask. It further complicates matters that dye
injected at one location may resurface at several
different springs and resurgences.

Potentiometric maps are commonly used for
definingdirections of groundwater movement. Such
a map is simply a contour map of water-surface
elevations in wells open to a particular aquifer. A
potentiometric map constructed for the study area,
using wells open to the St. Peter Sandstone and



Joachim Dolomite (fig.17),shows a prominent ground-
water high about 2 mi north of Perryville and radial
flow from that area. In karst areas, potentiometric
maps are often misleadingor even erroneous because
they do not take into account subsurface conduits or
the fact that a well-defined water table may not be
present.

Figure 18shows recharge areas of springs in the
study area, based on the results of this study.

The primary springs that receive recharge from
the city of Perryville are Doc White Springand Mertz
Resurgence. Thirteen of the dye traces ran to both
springs; eight of the thirteen also ran to Circle Drive
Resurgence. Before this study, it was believed that
Mertz Resurgence was a major discharge point for the
city of Perryville, based on previous work by cavers
and existing geologic information. The importance of
Doc White Spring,however, was not recognized, nor
was the significance of Circle Drive and Heberlie
Resurgences. Mertz Resurgence is known to drain
two cave systems: Crevice Cave and Mertz Cave.
Crevice Cave is almost entirely north of Perryville.
Mertz Cave (fig. 19) forms a link between Mertz
Resurgence and Crevice Cave. Only a few hundred
feet separate the two caves, but the passage is water
filled. The same conditions exist between Mertz Cave

and Mertz Resurgence; a short distance of water-
filled passage separates the cave from the spring
outlet (fig.20).

After the first dye trace, during which dye
injected in a single sinkhole Oerry Lawrence Sink)
resurfaced at Circle Drive Resurgence, Doc White
Spring, and Mertz Resurgence, the true complexity of
the subsurface drainage system was revealed. There
are at least two possible explanations for the multiple
dye-recovery points. In one case, the nature of the
groundwater system is such that subsurface flow
divides, either vertically or laterally, thereby allowing
flow to two separate outlets. Sucha system could be
considered a subsurface losing stream. Alternatively,
the direction of groundwater movement could be
controlled bythe stage of the cave stream. Both ideas
have merit and both are partly correct. The recharge
of Circle Drive Resurgence is controlled by ground-
water stage. Itdoes not have a recharge area separate
from Doc White Spring and Mertz Resurgence; in-
stead, discharges overflow from the Doc White
Spring-Mertz Resurgence recharge area in the north-
west part of Perryville. The groundwater-flow sys-
tem, like a surface stream, can only accept and
transmit a given amount of runoff in a given time

Recharge Areas of
Springs and Resurgences

before the capacityof the system is exceeded. In the.
case of a surface stream, the excess water leaves the
stream channel and flows across the flood plain. Inthe
Perryvillekarst groundwater system there isno flood
plain, of course, so when the capacity of the cave or
conduit isexceeded, water level rises and water flows
through higher fractures and openings, possibly the
remnants of an earlier active groundwater conduit
system. Figure 21 is a cross-section from Jerry
Lawrence Sink to Dry Run Branch Estavelle and
illustrates how changes in rainfallaffect the directions
of shallow groundwater movement.

Initially,Doc White Springwas believed to be a
perennial groundwater outflow point; later it was
discovered to be intermittent. The relationship
between Doc White Spring and Mertz Resurgence
was not completely understood until July, 1984. As
mentioned ina previous section, numerous dyetraces
ran to Doc White Springand Mertz Resurgence, both
of which flow into Cinque Hommes Creek but are
6200 ft apart. Doc White Spring is also 80 ft higher
than Mertz Resurgence. Allother major springs and
resurgences inthe study area are along major streams
and are at or very near stream level. On July 2, 1984
a dye trace was run from a small sinkhole a few feet
from Doc White Spring to Mertz Resurgence. Doc
White Springwas not flowing, but water was flowing
across the base of the sinkhole, through small
bedding-plane openings. Dye traveled in less than a
dayto Mertz Resurgence. It isnow reasonably certain
that Doc White Spring is an overflow outlet of the
conduit system linkingthe karst area in Perryville to
Mertz Resurgence (fig.22); the map of Mertz Cave
shows more evidence of this. Dye-recovery packets
placed in the stream in Mertz Cave recorded the
passingof the dye placed inthe sinkhole at Doc White
Spring. Mertz Cave has a mapped length of about
11,000 ft. Old Mertz Cave, the area downstream
from the entrance, is easily accessible and contains
large passage with ceilingheights of up to 40 ft. New
Mertz Cave, the area upstream from the entrance, is
much less accessible, with smaller passage dimen-
sions, and itmust be entered through several hundred
feet of deep water and low ceilings. About 2100 ft
upstream from the entrance, the trend of the cave
passage shifts from southwest to northwest. Where
the trend changes, a side passage enters; it is nearly
water-filled and, according to notations on the map,
much water enters there (Coons, et aI., 1974). On
the map, this inflow point is the only major water
entry except for another siphon several thousand feet
upstream, where water from Crevice Cave is thought
to enter. The point where water enters from the side
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Figure 19 -- Breakdown rubble in the entrace area of Mertz Cave.

passage of New Mertz passage isonly 22ooftfrom the
sinkhole at Doc White Spring. Water flowing past
Doc White Springprobably enters Mertz Cave at this
point. In addition, Crevice Cave is probably not a
drainage path for water entering the groundwater
system in the city of Perryville, at least on the south
side of Dry Run Branch. These conclusions are based
on dye recovery at both Doc White Springand Mertz
Resurgence, on all dye traces to Mertz Resurgence.
Supportive evidence isalso provided by an earlier dye
trace, made by cavers from Southeast Missouri State
University, who injected dye into the stream of Klump
Cave, 3500 ft northwest of Doc White Spring. Dye-
recovery packets were placed throughout the down-
stream part of Crevice Cave and in Mertz Cave. Dye
was recovered in Mertz Cave but not in Crevice Cave
(Scott House, 1984; pers. comm.). Based on those
dye traces, it is concluded that a major conduit system
probably exists beneath the karst area between Mertz
Cave and the city of Perryville.

The rec;;harge area for Meru Resurgenc;;e c;;an
therefore be considered to have at least two major
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parts: (I) a northern portion, which is drained
through Crevice Cave and which consists of the karst
area overlyingCrevice Cave, and (2) the area draining
into the southern conduit system, which enters Mertz
Cave downstream of the terminal siphon and extends
into the cityof Perryville. This isnot to say,however,
that cave passage of dimensions similar to Crevice
Cave links Mertz Cave with sinkholes in the city of
Perryville. This part of the groundwater flow system
has not been entered, but the size of the conduit or
conduits is large enough to transmit large quantities
of water.

At least two separate subdrainages of Mertz
Resurgence are in the city of Perryville: Circle Drive
Resurgence subdrainage and Heberlie Resurgence
subdrainage. Several caves are associated with Circle
Drive Resurgence subdrainage. Zahner Cave, in the
northwest part of Perryville. consists of about 1.9
miles of southeast-trending passage that terminates
about 2000 ft from Circle Drive Resurgence. Streiler
City Cave, North Street Cave, and Waters Street
Cave, all in the Jerry Lawrence Sinkhole area in
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Figure 20 --Diagrammatic longitudinal section of the lower part of Mertz Cave and Mertz Resurgence.

northwestern Perryville, are remnants of a single,
now partly collapsed, cave. The downstream por-
tions of Streiler City and Waters Street Caves termi-
nate near a large sinkhole about 1500feet from Circle
Drive Resurgence. The cave through which Circle
Drive Resurgence flows is only enterable for a short
distance before it siphons. Though human entry is
thwarted, water can exit. The elevation of the

resurgence is about 520 ft mean sea level (msl).
Accurate el~vation data are not yet available for
Zahner or Streiler City Cave, but elevation of the cave
floor at the downstream terminus of Streiler City
Cave is estimated at 525 feet msl. Dye traces have
linked Zahner Cave, Streiler City Cave, and North
Street Cave to Circle Drive Resurgence, but Circle
Drive Resurgence discharges water only after moder-
ate or heavy rainfall. Cave streams in Zahner Cave
and Streiler City Cave have better sustained flows
than Circle Drive Resurgence. Openings must there-
fore exist to channel water into a deeper conduit
system. When the capacity of the deeper system is
exceeded, water levelswill rise and the excess water
will discharge at Circle Drive Resurgence.

All but five of the Doc White Spring-Mertz
Resurgence dye traces were also linked to Circle
Drive Resurgence. Dye from the Oster Sinktrace and
the Zeno Street Sink trace were detected in the
stream of Streiler City Cave. Jerry Lawrence Sink
trace, Zahner Cave trace, Zahner Sinktrace (repeat),
School Street Sink trace, and Rozier Sink trace, and
Rob Roy Sink trace all showed dye emerging from
Circle Drive Resurgence during high-recharge peri-
ods. Dye from Ste. Marie Street trace, Parking Lot
Sink trace, and Great Perry Cave trace was not
detected at Circle Drive Resurgence. Presumably,
these may flow through a different system, which

enters the Doc White Spring-Mertz Resurgence con-
duit system downstream from Circle Drive Resur-
gence. Heberlie Resurgence, an intermittent spring
on Dry Run Branch about 1000 ft upstream from
Route E,is probably the overflow outlet for this sub-
drainage, just as Circle Drive Resurgence is for the
area to the northwest. Two dye traces, Ste. Marie Pit
trace and Great Perry Cave trace, substantiate this.

Throughout most of this study, Dry Run Branch
Estavellewas believed to be only a recharge feature.
Observations and a single dye trace indicate that the
estavelle, though hydraulically connected to Circle
Drive Resurgence, Doc White Spring, and Mertz
Resurgence, does not receive recharge from the same
area that recharges Circle Drive Resurgence (fig.23).
The Hospital Sinktrace showed that the estavelle is
recharged from an area south of Circle Drive Resur-
gence recharge area. When running the Hospital Sink
trace, Rhodamine WT dye from the Rob Roy Sink
trace was dischargingfrom Circle Drive Resurgence.
Dry Run Branch Estavellewas discharging water, but
the Rhodamine was not detected in it, only fluores-
cein from the Hospital Sink. Fluorescein recovered
from Heberlie Resurgence indicates it is hydraulically
associated with the estavelle, which flows so briefly
and infrequently that it is difficult to study.

Figure 18 shows the recharge areas for Doc
White Spring,Mertz Resurgence, and associated sub-
drainages in the study area. The western limit of the
recharge area, in the Sycamore Road vicinity, is based
on the Zahner Sinkdye traces. A trace from Zahner
Sink. adjacent to Sycamore Road made during rela-
tively normal weather, showed water from the sink-
hole flowed to Blue Spring on Blue Spring Branch.
The trace was repeated later, after very heavy rain,
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and dye was recovered from Blue Spring and Circle
Drive Resurgence, Doc White Spring. and Mertz
Resurgence. Dye placed in the stream of Zahner
Cave, only a few hundred feet from Zahner Sink,was
recovered at Circle Drive Resurgence, Doc White
Spring. and Mertz Resurgence, but not at Blue Spring.
The recharge area boundaries are basedon dye-trace
data, cave maps, and surface karst topography.

Hog Pen Spring drains a portion of southeast-
ern Perryville. Dye from only one trace was recov-
ered at Hog Pen Spring. The dye was injected in a
sinkhole in Perryville City Park, along Highway 61.
Figure 18 shows the probable recharge area of Hog
Pen Spring. It includes only a small part of the city of
Perryville and the karst area eastand south of the city,
south of Dry Run Branch. One dye trace linked
Quarry Spring with its recharge area. The dye was
injected into a sinkhole near the southeastern edgeof
Perryville. The spring has a small but well-sustained
baseflow, but its peak flows are not proportionally as
large asmost of the other springs and resurgences, a
condition that perhaps indicates a small recharge
area, with a less-developed conduit system that allows
groundwater to be stored between periods of re-

charge and released slowly. The recharge area is
believed to bevery limited and close to the spring. and
borders Hog Pen Spring recharge area.

Two dye traces linked Clubhouse Resurgence
to its recharge area. The spring drains a portion of
southern Perryville. Basedon observed flow charac-
teristics, its recharge area is quite limited in size; it is
shown in figure 18.

It is believed that Spring Branch Spring received
dye from one trace, becausedye injected in asinkhole
along the south side of Edgemont Blvd. was traced to
Spring Branch, upstream from Clubhouse Resur-
gence. Dye-recovery packets were not placed in
Spring Branch Spring,but dye was detected at the first
bridge downstream of Spring Branch Spring. Later in
the study, a new spring and resurgence were discov-
ered in the upper part of Spring Branch watershed.
Richardet Spring and Resurgence are only a few feet
lower than the dye-injection site; they may have
received the dye. but it is doubtful. Spring Branch
Spring's recharge area is less karstjfjed than most of
Perryville; only afew surface sinkholes are present. In
addition, its flow is less-sustained than Clubhouse
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Resurgence, and the spring does not flow during dry
weather. The recharge area of Spring Branch Spring
is shown in figure 18.

Two dye traces, both from the same sink-
hole, show that Blue Spring, and during very wet
weather, Blue Spring Resurgence, are recharged by
the area south of the spring. Most likely,Blue Spring's
recharge area overlies the Moore Cave System and
includes the sinkhole area west and south cjfthe cave

system. Runoff from the city of Perryville probably
contributes no flow to the spring, but a number of

homes along Highway 61, northwest of Perryville,
that have no central sewage treatment probably are
causingkarst groundwater-quality degradation in the
cave system and at Blue Spring.

Keyhole Spring, Keyhole Resurgence, Ball Mill
Spring, and Ball Mill Resurgence are not receiving
recharge from the city of Perryville. They are most
likelyrecharged from the karst area east of the Moore
Cave System,on the south side of BlueSpringBranch,
but the recharge areas were not established in the
study.

EVOLUTION OF KARST DEVELOPMENT IN THE
STUDY AREA

The purpose of this study was to determine the
directions and rates of shallow groundwater move-
ment in and adjacent to the city of Perryville. The
history of the karst system development was not
included as an objective, but much information con-
taining clues to the evolution of the karst drainage
system was collected during the dye-tracing study.
Perhaps it is not directly important to know how and
when karst developed, but. knowing would help an-
swer many questions about the complexity of current

karst groundwater movement in the area. The
following discussion is an attempt to combine the
information gained in this study with previous work
bygeologists and cavers. It is premature, however, to
claim that all questions concerning evolution of the
karst can now be answered. The following ideas are
based partly on conjecture and, because water is
primarily responsible for the formation of karst, rely
heavilyon hydrologic evidence.
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One approach to determining the age of karst
development is to estimate the time needed for karst
to develop. Reams (1968, p. 78-83) presents an
analytical approach for estimating this, based on the
amount of dissolved solids in spring water and flow
data for a large spring system, which is essentially a
cave evolving under phreatic conditions. Using spe-
leological data for the Meramec State Park area, he
estimated 4 mi of cave passage were present for each
square mile of surface area and assumed the cave
passage to be lOft in diameter and cylindrical. For
Maramec Spring, inPhelps County, Missouri, he calcu-
lated the spring system would evolve. in about 1.3
million years, assuming one percent of the total
dissolved solids contained in the spring water was
derrived from cave formation and that the spring
system had discharged at least 10 percent of the
current average discharge throughout its history.

Reams' calculations seem reasonable for the 16-
mi2Perryville karst area, which contains at least 45 mi
of cave passage and probably considerably more. The
cave passage density is at least 3 mi of passage per
square mile of surface area. Groundwater recharge
in the Perryville karst area is even greater than
Maramec Springrecharge, and water quality issimilar.
IfReams' arguments are accepted, then the Perryville
karst could have developed during the last 1.3million
years.

Several workers believe that the karst in Perry
County developed sometime during the Pleistocene
Epoch, which began some 1.8 million years ago and
ended about 10,000years ago. In Missouri, continen-
tal ice sheets advancedover parts of northern Missouri
during the Nebraskan and Kansan Glacial Stages.
During the Nebraskan, the ice sheet did not reach as
far south as the present Missouri River. Iceadvances
during the late Kansan Stage ended at about the
present Missouri River valley. The Illinoian Stage
represented a third major glacial advance, during
which glaciers extended further south, not inMissouri,
but in adjacent Illinois. During the early Illinoian,
glacial ice probably entered southeast Missouri but
probably did not extend west of the bluffsalong the
flood plain of the MississippiRiver.

Karst development is the product of dissolution
of carbonate rocks. Primary cave development gen-
erallyoccurs under phreatic conditions, where ground-
water saturates the rock units being solution altered.
Solution most commonly occurs along rock fractures
and along bedding planes separating successiverock
layers. The water table, a planar surface dividingthe
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saturated, or phreatic, zone, below which the rock is
saturated with water from the upper vadose, or
unsaturated, zone, istypicallycontrolled by the eleva-
tion of major rivers and streams and bythe hydrologic
characteristics of the aquifers, or water-bearing units.
During the Pleistocene. the ancestral MississippiRiver
probably influenced the water table in the study area
even more than today. When the karst of Perry
County was forming, the area water table was higher
than today, due to several factors. Variations in
Pleistocene climate and glacialprocesses caused fluc-
tuations in the amount of river discharge and sedi-
ment load. In addition, damming and back-flooding in
the Mississippi, caused by ice lobes or ice floes,
allowed sediment to settle out and raise flood plain
levels. The net effect was periodic raising and lower-
ing of the area water table. Another factor was the
hydraulic characteristics of the carbonate bedrock.
Limestone and dolomite unaltered by solution weath-
ering have low permeabilities, which result in poor
subsurface drainage and a water table surface that
closely resembles the topographic surface. As disso-
lution progresses along fractures and bedding planes
during the infancyof cave development, groundwater
circulation and subsurface drainage improve.

Topography in the Perryville karst area was
probably much different when the karst drainage
system was evolving. During that time, the topogra-
phy was probably low relief, but early in the cave-
forming period, direction of shallow groundwater
movement was aready established, the evidence for
which is the integration of subsurface drainage and
the gradients of cave streams. Early, well-defined
directions of groundwater movement required con-
trolling structures such as surface streams. Even
during early karst evolution, Cinque Hommes Creek
and Blue Spring Branch may have influenced the
directions of groundwater movement.

A subterranean conduit system isanother pos-
sible mechanism for controlling the direction of early
groundwater movement. Knox (1976, p. 7) discusses
the possibilityof an ancestral Cinque Hommes Creek
Cave that presumably followed a path similar to
present day creek. In such a cave, the Doc White-
Crevice-Mertz Cave Systemwould have been a major
northern tributary; Mysteryand Rimstone RiverCaves
would have been the southern counterparts. If an
ancestral Cinque Hommes Cave did exist, it could
easily have contained 100mi of passage. Suchan idea
isnot without merit. Groundwater moves through all
these cavesto Cinque Hommes Creek, and the cave
resurgences are near. Cinque Hommes Creek, at
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roughly the same elevations. The main trunk of
ancestral Cinque Hommes Creek Cave, if it did exist,
has succumbed to surface and subsurface erosion.

The ancestral MississippiRiver controlled local
base level and, during early Illinoiantime, groundwa-
ter levels were much higher, due to the elevated
Mississippiflood plainand poorer groundwater circu-
lation. Downcutting of the MississippiRiver channel
after glacial retreat lowered local base level and
perhaps allowed ancestral Cinque Hommes Cave and
its major tributaries to begin functioning as a subsur-
face drainage system, the spring opening of which was
somewhere in or near the Mississippi River bluffs.
Even if ancestral Cinque Hommes Creek Cave was
present, a surface stream probably continued to flow,
at least in places, down ancestral Cinque Hommes
Creek. Cinque Hommes Creek Cave, however,
could have also pirated the surface stream in the
upstream reaches. A clue to this is a cut-off hill or
"lost hill,"on Cinque Hommes Creek. in SeC.29, T. 35
N., R. II E. This physiographic feature could have
resulted from rerouting of the creek. which left the
hillisolated, with Cinque Hommes Creek followingits
northern edge and Schawanee Springs Branch bor-
dering the southern edge. It is also possible that
ancestral Cinque Hommes Creek once followed the
southern edge of the hill and that ancestral Cinque
Hommes Creek Cave daylighted on the northwest-
ern side of the hilland pirated the upstream reaches
of the stream drainage. Certainly the cave, ifpresent,
could not have extended much farther west; the St.
Peter Sandstone outcrop belt is only a mile upstream
of the lost hill.

The ancestral Cinque Hommes Creek Cave
theory is interesting but is unnecessary to explain the
karst history. More likely, Cinque Hommes Creek
was the primary control for direction of groundwater
movement in the Doc White-Crevice-Mertz Cave
system area. The surface stream could have devel-
oped while the subsurface conduits were developing.

The present-day physiography and the charac-
ter of the caves in the Perryville karst area also give
clues to the age of karst development, at least in a
relative sense. In this connection, a comparison
between the Perryville karst area and karst develop-
ment in the Salem Plateau is helpful.

Two distinctive types of caves are in the Salem
Plateau. There are the older, air-filledcaves that are

generally entered from valley wall~jthe~e vary from
nearly dry caves that currently provide no drainage, to
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those with streams that still provide some groundwa-
ter drainage. The second category comprises water-
filled caves that are active phreatic groundwater
conduits; these are the caves which channel water to
major springs. In relative age, the Perryville caves are
between these two extremes. The major caves are
active groundwater conduits but, except for a few
places, are not under phreatic conditions. Their
active groundwater flow routes indicate that the
Perryville karst caves are relatively young.

The types of cave entrances and springs also
indicate the Perryville karst is young. The entrances
to the Perryville caves are quite different from those
of the "older" Salem Plateau caves. Almost without

exception, the caves in the Perryville karst are en-
tered from sinkholes in the upstream cave reaches.
Non{;!of the major caves can be entered from spring
or resurgence openings. The opposite istrue inmuch
of the Salem Plateau; major caves in most of southern
Missouri are entered along valleys where the cave
streams exit the caves. Caves entered from valley
wall openings are well above present-day base levels,
the elevation or levelbelow which little erosion takes

place. The major Perryville karst area springs and
resurgences are nearly at local base level and can be
entered only when Cinque Hommes Creek. Blue
SpringBranch, and the MississippiRiver have lowered
base levels by lowering their channels another few
feet.

If it were assumed that the Salem Plateau karst
once contained sinkhole development similar to the
Perryville karst, it would date the Salem Plateau karst
as much older than the Perryville karst. This assumes
original sinkhole development was destroyed by
headward erosion; leaving sinkholes mainly in the
upland areas, along surface drainage divides.

Depth of cave development isquite variable. In
the upstream reaches of the cave systems of the
Perryvillekarst area, specificallyinthe cityof Perryville,
cave systems are quite near the surface. These
upstream reaches correspond to the up-dip areas of
the bedrock and, topographically, to the higher eleva-
tions. Points in several of the caves in the Perryville
area, such as Streiler City Cave, North Street Cave,
and Zahner Cave, have very thin ceilings;little earth
material separates the land surface from the top of
the cave passage. These caves daylight in shallow
sinkholes at fairlyhigh elevations; the same is true for
the Historic and Pipistrelle entrances of Crevice
Cave.



The sinkhole plain developed after initial cave
development, when subsurface drainage paths had
been established. Solution along fractures in the
uplands opened joints and fractures. thereby allowing
connections between the bedrock and soil mande.
Water descending through loess into the fractures.
and upward stoping of the bedrock, facilitated sink-
hole development, the shallow-sided sinkholes devel-
oping over time as more soil material in the sinkhole
was removed and flushed through the cave systems.
In places. cave roofs were too thin to support their
own weight. and catastrophic collapses occurred.

The land surface was neither significantlynor
deeply dissected before the sinkhole plain developed.
Dry Run Branch. the only surface drainage extending
a significant distance into the karst plain. is an inter-
esting stream. the evolution of which presents a
problem; it seems unlikelythat the stream developed
by headward erosion. Upper Dry Run Branch con-
tains numerous sinkholes in and near its channel. so it
is likely that at least part of Dry Run Branch formed
due to some form of karstification.

The Perryvillearea caves are probably relatively
young. but there is evidence of older subsurface
drainage. The fact that Crevice Cave. the Moore
Cave System, and other caves in the Perryville karst
contain passages that no longer function as subsurface
drainage paths. due to subterranean stream piracy.
lends credence to more than one episode. or at least
an extended period. of cave formation and modifica-
tion.

Much of the karst in the Perryville area is part
of the Doc White-Crevice-Mertz Cave system. Zahner
Cave. Streiler City Cave. North Street Cave, Water
Street Cave. and Bruce Street Cave are probably all
upstream segments of what was originally the same
cave; Circle Drive Resurgence is also part of the
system. Water from all these caves flows to Mertz
Resurgence. Crevice Cave drains the northern part
of the system. and Doc White Spring conduit, the
southern part. Water from both cavesflows through
Mertz Cave. Doc White Spring is really just an
intermittent karst resurgence; it is only a window in
a continuing karst drainage system. Dry Run Branch.
at least in the upstream reaches. is a karst valley. In
its upstream areas, it does not function as a surface
stream. The surface water is pirated by a series of
valley sinkholes and an estavelle. and channelled to
and past Doc White Spring. through Mertz Cave to
Mertz Resurgence. It isquite possible that upper Dry
Run Branch was originally cave passage, its roof
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breached by erosion in the past. Circle Drive Resur-
gence may be a remnant of an ancestral Dry Run
Branch Cave or one of its side passages. Doc White
Spring branch shows signs of developing in the same
manner. The area around and immediately down-
stream of the spring displays the characteristics of a
collapsed cave passage. Pirating of a surface stream
by the cave left an abandoned stream channel several
feet above present level of the spring branch. It is
doubtful that the cave ran directly to Cinque Hommes
Creek. Remnants of the surface stream pirated bythe
collapse at Doc White Spring show that a surface
drainage was established before the collapse.

In the upstream areas of the major cave sys-
tems. caves are slowly being destroyed by natural
forces. Cave development in Perryville is shallow.
Several hundred feet into Streiler City Cave one can
hear activity on the surface. Construction work in
Jerry Lawrence Sink and also along Grand Avenue
shows that the broad. shallow sinks contain collapsed
cave passage, which. in places. construction equip-
mentfollowed. excavatingtrenches for drainage pipes.
The original cave oudine can be seen when the
collapsed material is excavated; the walls and floor of
the cave remain. In the Perryville area. sinkholes are
often in a linear arrangement. possibly the result of a
collapsed or partly collapsed cave.

Though shallowcaves are being destroyed. cave
formation continues inthe Perryville karst. As longas
groundwater continues to dissolve earth materials.
the caveswillcontinue to enlarge. The fact that water
flowingthrough Zahner Cave and Streiler City Cave
does not reappear at Circle Drive Resurgence. ex-
cept after heavyrain. shows the presence of a deeper.
probablyyounger conduit system. During dryweather.
when water still flows through Zahner and Streiler
City caves, the younger. deeper conduit can accept
the flow. but after heavy rainfall. the older. higher
conduit leadingto Circle Drive Resurgence isneeded.

This discussion has relied heavily on the pre-
sumed dominance of phreatic conditions inthe devel-
opment of caves. No doubt phreatic conditions were
responsible for forming the original openings in the
rock, but the active cave systems containing streams
have been greatly modified byvadose water. Because
all drainage in the Perryville sinkhole plain is subsur-
face. runoff must flow through the caves. The
downstream reaches of allthe major caves are subject
to flooding after heavy rain. A trip through lower
Mertz Cave is most instructional in showing the
effects of the moving stream water. Sections of the
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cave contain current scallops caused by turbulent
water flowing through the passages. It ispossible that
after initial phreatic development, vadose develop-
ment greatly changed the caves, especially in the
downstream areas. Once circulation was established,
much of the cave formation may have been byvadose
groundwater.

There is good evidence that certain surface
streams in the study area developed by cave collapse
or other karst processes, specificallyupstream Dry
Run Branch and Doc White Spring Branch, but it is
doubtful that all surface drainages, including Cinque
Hommes Creek, originated from collapsed cave pas-
sage. Evidencesupporting a collapsedancestral Cinque
Hommes Cave is not strong; there are no (emnants
such as natural bridges or tunnels. Water discharging
from Mertz Resurgence flows through a complicated,
well-integrated conduit system consisting of both air-
and water-filled passages, which includesMertz Cave,

Crevice Cave, Klump Cave, Doc White Spring Con-
duit, Zahner Cave, Streiler City Cave, North Street
Cave, Bruce Street Cave, Waters Street Cave, and
others yet to be entered. Multiple groundwater
outlets of a single karst drainage system function as
overflow outlets; their dishcarges are controlled by
location, amount of recharge, and stage of the ground-
water system. The overflow outlets may be the
remnants of somewhat older karst, but all indications
are that the karst in the Perryville area is very young
and could have developed during the Pleistocene. The
older, now shallow caves are being destroyed by
weathering and newer, deeper caves are forming.

Many pieces of the karst evolution puzzle are
unknown; weathering has destroyed them or altered
them greatly. Muchwork remains to be done. Entry
into the supply system of Doc White Spring willyield
valuable information as willfurther exploration of the
caves underlying Perryville.

IMPLICATIONS OFTHIS STUDY

The city of Perryville relies on the shallow
groundwater system for disposal of stormwater run-
off. Knowing the direction of movement and destina-
tion of the storm runoff entering the sinkholes isakin
to knowing the location of storm sewer pipes and
outlets in a city havinga more conventional drainage
system. Urban development causes changes in natu-
ral water movement. Runoff amounts and rates
change, and in some cases it ispossible to divert water
from one spring's recharge area to that of another.
Knowledge of the underground flow system will help
developers, planners, and engineers, who can use it to
plan adequately for changes in land use brought about
by urbanization. Karst areas like Perryville are espe-
cially prone to shallow groundwater contamination
from spills. Truck accidents, gasoline tank leaks, and
pipeline breaks can allow contaminants to enter the
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shallow groundwater system quickly. The city now
has the ability to predict accurately not only where,
but also when, spilledmaterials will reappear. Several
of the springs in the area are used for livestock water
supplies. This study can prove invaluable in prevent-
ing poisoning of livestock and mitigating damage to
aquatic life in the event of a spill.

Much information was gathered during this
project but not all of the questions pertaining to the
karst drainage system have been answered. Further
dye tracing will be necessary to better define the
boundaries between spring recharge areas and to
better understand the function of Dry Run Branch
Estavelle. With a now adequate conceptual under-
standing of the conplexities of the spring system, data
refinement can be accomplished economically.



References

REFERENCES CITED

Bretz. j Harlen. 1956. Caves of Missouri: Missouri
Geological Survey and Water Resources (now
Missouri Department of Natural Resources' Divi-
sion of Geology and land Survey).v.39. 2nd series.
490 p.

Coons. Don. and little Egypt Student Grotto, Mis-
souri Speleological Survey. 1974. Map of Mertz
Cave. Perry County. Missouri: unpublished map
deposited in Cave Files. Missouri Department of
natural Resources' Division of Geology and land
Survey. scale 1:2400.

Flint,Richard Foster. 1925.A report of the geology of
parts of Perry and Cape Girardeau counties: un-
published manuscript, Missouri Department of
Natural Resources' Division of Geology and land
Survey. 247 p.

House. Scott, 1975, Report on Great Perry Cave.
Perry County. Missouri: unpublished report de-
posited in Cave Files, Missouri Department of
Natural Resources' Division of Geology and land
Survey, I p.

Knox. RayB., 1976.Geologic history of Perry County
-a brief summary of major milestones in Fall 1976
MVORGuidebook, The Southeast Caver. v. 2, no.
3. p. 6-7.

Monroe. Watson H. (compiler). 1970. a glossary of
karst terminology: U.S. Geological Survey Water
Supply Paper 1899-K.26 p.

Reams, Max W., 1968. Cave sediments and the
geomorphic history of the Ozarks: unpublished
Ph.D. dissertation. Washington University. Saint
louis. Missouri. 167 p.

Vineyard.jerry D.. and Feder. Gerald lo, 1974,Springs
of Missouri:Missouri GeologicalSurvey and Water
Resources (now Missouri Department of Natural
Resources' Division of Geology and land Survey).
Water Resources Report no. 29. 267 p.

Weaver. Dwight H.. and johnson, Paul A.. 1980.
Missouri - the cave state: Discovery Enterprises.
Dark Pathways Series. Book Four, jefferson City.
Missouri. 336 p.

51



MOVEMENTOF SHALLOW GROUNDWATER
IN THE PERRYVILLEKARSTAREA

52



MISSOURI DEPARTMENT OF NATURAL RESOURCES
David A. Shorr, Director

Division of Geology and Land Survey
*James Hadley Williams, Ph.D., Acting Director and State Geologist

Tami Allison, DivisionSecretary(314-368-2101)

September 1993

ADMINISTRATION AND GENERAL SUPPORT PROGRAM

*James A. Martin, M.S., Principal Geologist and Program Director

Integrated Geologic Analysis General Services
MichaelS.Marcus,B.S.,Proj.Specialist Kim.E.Haas,Geologi~1Tech./I CarolynEllis,Executive/I TerrySheffield,ClerkIV
1CathyPrimm,B.A.,Prog.Analyst//I DwightWeaver,PublicInfo:Spec./I JaneWilliams,ClerkIV BarbaraHarris}J,Clerk-Typist/I
2 JacqueSisco, B.S., Digitization Mgr. Su~an C. Dunn, B.F:A.,ArtIst //I DebbieElliott, Account Clerk /I Map Sales 1..~~2125)
2 Billy G. Ross, Project Specialist PhillIp Streamer,ArtIst /I Susan Davault,Clerk-Typist/I Lu~herFryer, Mamtenance Wkr. /I

Diana Sanders Clerk-Typist /I EllIs Humphrey, Labor Supervisor
'DNR/Division of Administrative Support 'Carl Kuelker, Laborer I
assigned to DGLS, Rolla

2DNR/Division of Environmental Quality
assigned to DGLS, Rolla

Environmental Geology (314-368-2160)
"James W. Duley, B.S., Chief
"James C. Brown, Jr., B.S. Geol. //I
"Mimi Garstang, B.S., Geol. //I
"David C. Smith, B.S., Geol. //I
"Gary St. Ivany, B.A., Geol. /I
"Peter Price, B.S., Geol. /I
"Myrna Rueff, B.A., Geol. /I
Jim B. Fels, B.S., Geol. /I
Edith Starbuck, M.S., Geol. /I
Michael A. Siemens, M.S., Geol. /I
Kurt R. Hollman, B.S., Geol. /I
Neil Elfrink, M.S., Geol. I
Larry (Boot) Pierce, M.S., Geol. I
Diana Travis, B.S.,Geol. I
Ben Pendleton, B.S., Geol. Tech. /I
Danny Sherman, Geol. Tech. I
Dwaine (Lee) Marek, Geol. Tech. I
Deborrah Breuer, Clerk-Steno //I
Kayla Brockman, Clerk-Typist /I

GEOLOGICAL SURVEY PROGRAM

Ira R. Satterfield, M.S., Program Director
(314-368-2150)

Geologic Mapping and Resources
(314-368-2155 or 368-2143)

Thomas L. Thompson, Ph.D., Geol. IV
Charles E. Robertson, M.S., Geol. IV
Ardel W. Rueff, B.A., Geol. //I
John W. Whitfield, B.A., Geol. //I
"David Hoffman, P.E., M.S., Geol./I/
James R. Palmer, B.S., Geol./I/
Joy L. Bostic, B.S., Geol. //I
Mark A. Middendorf, B.S., Geol. //I
James Vaughn, B.S., Geol. //I
Cheryl M. Seeger, M.S., Geol. /I
Sandra Miller, Clerk-Typist //I

Wellhead Protection (314-368-2165)
Bruce Netzler, M.S., Chief
Evan A. Kifer, B.S., Geol. /I
Mariano Haensel, M.S., Geol. I
Harold (Hal) Baker, B.S., Geol. I
Beth Marsala, Executive I
Jeffrey Jaquess, M.S., Geol. Tech. I
Jerri Bixler, Geol. Tech. /I
Ken Thomas, Geol. Tech. I
Gary Penny, Geol. Tech. I
Donna Adams, Eng. Tech. I
Kathy Ragan, Clerk IV
Neomia Robinson, Clerk //I
Michelle Widener, Clerk /I

Geotechnical Services
(314-368-2141)

" W. Keith Wedge, Ph.D., Chief
Brian Martin, B.S., Chemist /I
Jerry Plake, Geol. Tech. I
Hairl Dayton, Jr., Geol. Tech. I

DAM AND RESERVOIR SAFETY PROGRAM
Marge Paulsmeyer,Clerk-TypistIII (314-368-2175)

Russell C. Adams, P.E., Civil Engineer RobertA. Clay,P.E., Civil Engineer
James L. Alexander, P.E., Civil Engineer Ralph P. Hess, Eng. Tech. //I

STATE WATER PLAN

*Jerry D. Vineyard, M.A., Director, State Water
Plan and Deputy State Geologist

Sharon Krause, Clerk-StenoIII (314-368-2190)
Charles R. Hays, M.A., Planner //I
Donald L. Dicks, B.S., Hydrologist //I

LAND SURVEY PROGRAM

R~bert E. Myers, R.L.S., P.E., Program Director and State Land Surveyor
Glenda Cox, Clerk-StenoIII (314-368-2300or 368-2301)

Bruce Wilson, B.S., Drafter II

Cadastral and Geodetic Surveys
J. Michael Flowers, R.L.S., Chief
O. Dan Lashley, R.L.S., Project Surveyor
John D. Paulsmeyer, R.L.S., Project Surv.
Robert L. Wethington, P.E., R.L.S., Proj. Surv.
Michael Cape, Land Surv. Tech. /I
Bruce D. Carter, R.L.S., Project Surveyor
James E. Elliott, Land Surv. Tech. I
Frederick W. Wissman, Eng. Tech. I

Park Survey Unit
Richard W.Reese, R.L.S., Proj.SUN.
Richard Bates, Land Surv. Tech. I
Arliss V. Martin, /I, Eng. Tech. I

Groundwater Geology (314-368-2190)
Don E. Miller, M.S.,Chief
James E. Vandike, M.S., Geol. //I
Rex Bohm, B.S., Geol. /I

3 Cynthia Brookshire, B.S., Hydrol. /I
SharonKrause, Clerk-Steno //I

Corner Restoration
Norman L. Brown, P.E., R.L.S., Chief
DarrellPratte, R.L.S., Project Surveyor
Michael Lloyd, Land Survey Tech. I
Ruth Allen,ComerRegistrationCoord.

Research & Document Dlst.
Diane R. Hess, Chief
Debra McEnnis, Clerk-Typist//I
Mary Davis, Clerk -Typist /I

Document Preservation
James L. Matlock, Chief
Linda Miller, Clerk-Typist //I
Ruth Ann Booker, Clerk-Typist //I
Jane Pounds, Clerk-Typist /IWATER RESOURCES PROGRAM

Steve Mcintosh, M.S., Program Director
Mary Woodland, Clerk-StenoIII

Leila Johnson, Clerk-TypistII (314-751-2867(JeffersonCity))

Surface Water

Richard Gaffney,M.A., Planner //I Jane Epperson,B.S., Hydrologist /I
John Drew, B.S., Hydrologist/I Laura Luebbert,B.S., Clerk-Steno//I
Charles Du Charme,B.S., Hydrologist/I

Water Resources Planning
Robert Clark, M.A., Planner //I
Jeanette Barnett, B.S., Res.Ana. /I
Mary Jo Horn, Clerk-Typist /I

3Assigned to DNR Springfield Regional Office
"=Registered and/or Certified Professional Geologist
P.E.= Professional Engineer
R.L.S.= Registered Land Surveyor

P.O. Box 250

Rolla, MO 65401
(314) 368-2100
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